“To the solid ground 
Of nature trusts the Mind that tudds for aye.”—Wordsworth 
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in Light Alloy 
Metallurgy 




















The British Non-Ferrous 
Metals Association Tesier, 
for the detection of dissolved 
gases in light alloy melts, is 
iy now made available by 
ss) Edwards as a production unit 
to ensure low-porosity castings 
by testing samples from each 
melt on the foundry floor. 


Sections through specimens 
of typical alloy melts. “‘Cauli- 
flower’ top indicates the 
presence of dissolved gases. 
Gas-free samples show level 
or slightly convex surface 
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Owing to the continued rise in the costs of production and of paper, 
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3 months (13 issues) eee £1 10 0 


postage paid to any part of the world 
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BRAUNTON BURROWS AND THE 
NEEDS OF THE ARMED FORCES 


HE weight of scientific opinion which was 

brought together at the recent public inquiry 
into the Services proposals for the use of certain 
areas of land and shore in Barnstaple Bay can 
seldom, if ever, have been equalled on any similar 
occesion. The inquiry related to a number of pieces 
of land in the district; but it has become known 
as the ‘Braunton Burrows Inquiry’, a fact which 
indicates the importance which is attached to this 
area of dunelands. So far back as the seventeenth 
century, when John Ray visited them, Braunton 
Burrows were notable for the peculiar community of 
plants and animals existing upon them, and there 
must be few collectors and ecologists who have not 
visited them during the ensuing centuries. Moreover, 
the painstaking observations of Elliston Wright** 
over the past forty-five years have ensured that a 
very complete record exists of the most interesting 
features of the region. 

Whether they be regarded as a habitat per se, or 
as one of a series of dune systems upon the western 
coastline of Great Britain, these burrows are of out- 
standing importance. Hepburn’, in a study of a 
representative group of dunes, lists some seventy- 
eight species of plants which are common to 50 per 
cent or more of his chosen localities, and may there- 
fore be regarded as characteristic of them. Braunton 
possesses all but one of them, the next richest being 
Berrow, in Somerset, where seventy are to be found. 
The most striking feature of the flora is, however, 
the abundance in which species, elsewhere sparse and 
rare, occur here. The striking clumps of Scirpus 
holoschenus have now no counterpart elsewhere in 
Britain. The two tufts which were introduced with 
ballast at Barry Docks, some years ago, were never 
suited by the conditions there, and, like the small 
and unthrifty colony at Berrow, they have disap- 
peared. T'eucrium scordium, which occurs abundantly 
in the slacks at Braunton, is absent from al+ other 
western and southern counties. Polygonum maritimum 
is local only in three other counties. Many other 
examples of this phenomenon could be quoted, all 
supporting the view that we have here a very peculiar 
habitat requiring investigation 

Equally interesting with this abundance of other- 
wise rare species is the absence of plants which might 
normally be expected to occur. Rosa spinosissima, 
for example, does not grow here, although present 
on the sandhills on either side, at Woolacombe and 
Instow. Agropyron maritimum, so typical of the sea- 
ward edge of dunes, is unaccountably absent from 
Braunton, and so, too, is Anthyllis vulneraria. More- 
over, most of the vegetation exhibits peculiarities of 
growth, the dry, windy conditions inducing dwarfing 
and intense root and runner formation?. 

Both fungi and animals being for the most part 
directiy dependent upon flowering plants, and often 
upon one or a few particular species, it is not sur- 
prising to find that the flora supports an equally 
interesting fungus population and fauna. Of recent 
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years a number of new species of agaric has been 
described from the dunes, and many rare and sporadic 
forms are included in the list. 

Little has been recorded about invertebrates other 
than insects; a snail, Succinea arenaria, is known, 
however, to be strictly confined to the Braunton 
slacks, while Vertigo moulinsiana is known elsewhere 
only from Ireland, East Anglia and Dorset. Entomo- 
logists have long known the region as a rich habitat 
where otherwise rare species may often be found in 
abundance. For the most part, the peculiar forms 
belong, as may be expected, to the smaller, less easily 
distributed species, and to those, of restricted diets. 
The list provided by Wright' includes many interest- 
ing Microlepidoptera, while both Coleoptera and 
Hemiptera include many species classed as very rare 
or local. 

The situation of Braunton, on one hand close to 
the flats of the estuary of the Taw, and on the other 
in the vicinity of the west-coast migration route, 
brings many birds, the recorded lists of which include 
a great variety of uncommon species. It is, however, 
still an undecided question whether an exceptional 
list of birds betokens peculiarly favourable ornitho- 
logical conditions or merely an unusual abundance 
of ornithologists. But the records of merlin and 
short-eared owls nesting before the War, and of one 
of the few breeding colonies in Devon of the black- 
headed gull, provide some indication of the seclusion 
which formerly existed on the sandhills. 

During this century a number of changes have 
occurred in the region. Golf courses have been con- 
structed on the northern third ; but with no seriously 
detrimental effects on the ecological conditions of 
the whole. The impact of war in 1939 brought more 
serious changes. Minefields were sown in the fore- 
dunes along the whole seaward length, and training 
exercises of varying intensity were carried ‘out, 
particularly over the northern half. American troops 
used this stretch for a few months as an assault 
course. They, having been informed of its scientific 
importance, were careful in its use, doing everything 
in their power to preserve the natural features. But 
it was, of course, impossible to concentrate numbers 
of tracked vehicles on such friable ground, and to 
use modern live ammunition there, without causing 
extensive erosion of the thin plant cover. In the 
slacks this was not so serious; but the dry dunes 
soon became extensively damaged. Blow-outs have 
occurred, then and since, and much of this area is 
now unstable. Some of the fairways of the old golf 
courses are now reported to lie beneath some five feet 
of sand, and large areas still remain totally devo'd of 
plant cover, and so unanchored. 

The rehabilitation of the dunes has been made 
more difficult by the destruction of most of the fore- 
dune system, when the minefields had to be washed 
out hydraulically in 1946 and 1947. Nevertheless, 
rather more than half the region remains relatively 
intact, and this includes a large proportion of the 
areas of scientific interest. The main range of large 
dunes, with their associated slacks, together with the 
southern tip, where the regularity of the pattern 
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becomes obscured as one approaches the estuary of 
the Taw, bas been comparatively lightly damaged. 
Given freedom from further artificial erosion, and 
assuming some planting with marram grass of the 
damaged foredunes, there is no doubt that this very 
extensive region would soon become stabilized, and 
the best features of the burrows be preserved. 
Unfortunately, the military authorities are now 
asking, on behalf of Combined Operations Training, 
for rights of manceuvre over the central third of the 
Burrows, coupled with some restricted rights of 
manceuvre at Broad Sands (at the southern tip), where 
also they propose to carry out underwater demolition 
trials. It had been hoped, after the preliminary dis 
cussions which were held in 1947, that the Broad 
Sands station might be given up altogether, and that 
it might be possible to confine both gun and rocket 
fire and the use of tracked vehicles, within the middle 
region, to limits which precluded the use of the 
dunes. For, of course, although the primary damage 
may only be done on a limited number of days in the 
year, once the plant cover has been breached, the 
wind, which blows throughout most of the year, will 
eventually tear the dunes apart and strew the 
wreckage over the slacks behind. The final result, 
unless the ground is rested and carefully tended, must 
be the destruction of the system as it exists to-day. 
Had this compromise been accepted, it might have 
been possible to conserve sufficient of the southern 
third of the dunes for the scientific observation and 
experiment it so obviously demands. Unhappily, 
although the military authorities have displayed the 


greatest readiness to co-operate, within the limits of 


their plans, these do not apparently permit of suffi- 
cient relexation of the demand to meet the scientific 
need. The Broad Sands demolition point cannot 
be given up entirely, while shell, mortar and rocket 
fire must be used, and tracked vehicles driven, from 
the shore right to the crest of the major dunes in the 
central mile of the Burrows. It is difficult to conceive 
how the system, already unstabilized, can long sur- 
vive such treatment. Indeed, it seems likely that 
Combined Operations will only have the use of it, 
as such, for a limited number of years before com- 
plete disintegration sets in, and much of the sand 
is blown inland. 

It seems, therefore, that we are faced with a crucial 
incompatibility of the military and scientific interests, 
and this at a time when it is vitally important that 
both be fostered : the military, for what we can only 
hope will be a short-term period of defence; the 
scientific, for the long-term policy of increasing, and 
maintaining, our knowledge of ecological conditions, 
including the training of field biologists for the mani- 
fold duties which are increasingly demanded of them. 
It still may be possible to persuade Combined Opera- 
tions to abandon their claim to Braunton, and it 
remains important to use every effort to effect this. 
The unique features of the habitat are emphesized 
by all who have any knowledge of it, and its national 
importance exemplified by its appearance in Roths 
child’s list (1914) of twenty-eight potential national 
reserves, and again in the Nature Reserves Investiga 
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tion Committee’s list of twenty-five, published in 1945 
and endorsed by the Wild Life Conservation Special 
Committee’s report‘ in 1947. Once destroyed, or 
extensively damaged, it is unlikely that its peculiar 
conditions can be replaced, nor can any substitute 


No. 4257 


be found elsewhere. 
' Elliston Wright, F. R., “Braunton, a Few Nature Notes’’ (Barnstaple, 


‘ Elliston Wright, F. R., in W. K. Martin and G. Fraser, “The Flora 


of Devon, 1939". 
* Hepburn, I., J. Eeol., £2 (1945). 
‘Conservation of Nature in England and Wales. Cmd. 7122 (1947) 


POLYMER CHEMISTRY 


A Chemistry of Plastics and High Polymers 

By Dr. Patrick D. Ritchie. Pp. viii+ 288. (London: 
Cleaver-Hume Press, Ltd. ; New York: Interscience 
Publishers, Inc., 1949.) 258. net. 


HIS book is based on postgraduate lectures 

which the author has delivered at Birmingham 
Central Technical College. It has been carefully 
planned with the view of filling a rather unexpected 
gap in the literature of high-polymer chemistry ; for, 
as the auchor states in the preface, “‘there appears to 
be a real need for a more compact and moderately 
priced single volume dealing mainly with the organic 
chemistry of polymeric materials as a whole”. It has 
been written primarily for organic chemists, the 
synthetic and structural aspects of the subject having 
been kept constantly to the fore; but all chemists 
will find something of interest and value in this 
well-written and erudite book. 

The opening chapters deal with the definition of 
the terms plastic and polymerization, and the meck.- 
anism and kinetics of polymerization. High polymers, 
prepared by synthetic addition, are then considered. 
These include polymers of ethylene, isobutylene, 
styrene, vinyl and alkyl esters, butadiene, etc. The 
various factors which govern the degree of polymer- 
ization (or D.P., as it is termed) are discussed, and 
a graph showing the effect of milling on the molecular 
weight distribution in polymethyl methacrylate is 
given. 

The quotations under the headings of the chapters 
have been very well selected. The prophecy of 
Robert Hooke in 1667 that there might be a way of 
making “‘an artificial glutinous composition, much 
resembling, if not full as just, nay better, than that 
excrement” from the silk worm is a very apt preface 
to the chapter on polyesters, polyamides and poly- 
ethers, in which materials such as “Terylene’ and 
nylon are described. The former fibre, discovered 
in the research laboratories of the Calico Printers 
Association, and now about to be manufactured by 
Imperial Chemical Industries, Ltd., is prepared by 
the condensation of ethylene glycol with terephthalic 
acid to produce long-chain polymers of the structure : 


o-0c’ co-0CH,-CH,0-00¢ cO-O 

The polymers which can be prepared by the con- 
densation of formaldehyde with phenol or amino- 
compounds are described in some detail, and the 
reader will be interested in the discussion of the 
mechanisms of the formation and structure of the 
phenoplasties, the commercial importance of which 
was first realized by Baekeland in the early years of 
this century. 
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A comprehensive account is given of naturally 
occurring high polymers such as the protein, cellulose 
and rubber groups, and space has been found to 
include semi-artificial products such as cellulose 
acetate. In view of the very large amount of rosearch 
work which has been carried out on wool in the past 
twenty years, it is pleasing to find that more than 
four pages have been devoted to the properties of 
this substance. Four methods are listed for the 
reduction of felting (shrinkage) by the rupture of the 
disulphide bond, though the recent, very effective, 
permanganate process is not mentioned. 

The inclusion of inorganic polymers of high 
molecular weight is another pleasing feature of this 
excellent book. The author shows how the structure 
of these polymers can be classified under one of three 
headings, namely: linear or chain macromolecules 
(such as asbestos, plastic sulphur), planar or layer- 
lattice macromolecules (such as talc, mica, graphite), 
and cross-linked or infinite-network macromolecules 
(such as diamond, silica, glass). The extraordinary 
tensile strength of glass fibres is mentioned—it seems 
incredible that a fibre of diameter 10 in. can have 
a tensile strength which is about twenty times 
greater than that of mild steel. 

In the final chapter, the relationship between 
structure and physical properties is discussed, and 
the author states ‘“‘that we are rapidly proceeding 
beyond the limit of pure empiricism, and that the 
time is approaching when technologists can expect 
to produce to order a high polymer with previously 
specified physical properties, by suitably tailoring 
the long molecule’’. 

The provision of numerous references for further 
reading at the ends of the chapters, and the separate 
indexes for authors, trade names and subject-matter 
add to the value of this splendid book, which is 
attractively produced and provides so much informa- 
tion at so moderate a cost. A. C, CaAvVELL 


NATURE OF PETROLEUM 


The Science of Petroleum 
Vol. 5, Part 1: Crude Oils ; Chemical and Physical 


Properties. Edited by Dr. Benjamin T. Brooks and 
Dr. A. E. Dunstan. Pp. ix+200. (London, New 


York and Toronto : 
48s. net. 


N 1950 world production of petroleum rose to 523 

million metric tons. This large quantity accords 
with the acceleration in production over the years 
and represents a record achievement which is certain 
immediately to be broken. The part played by 
mineral oil in providing fuel for our mechanized 
civilization has long defied exaggeration ; and to this 
has more recently been added its importance as a 
raw material for the production of solvents, rubber, 
plastics, explosives and other groups of commodities, 
as well as giving promise of still wider application. 
So it is most appropriate to consider in the light of 
recent experience the variable nature of petroleum, 
and the knowledge which has been accumulated 
regarding the crude oils and their components. 

Thirteen years ago a marked advance was made 
in oil literature by the issue of “The Science of 
Petroleum”. This compendium covers the whole 
field of the science and technology of oil, and by 
reason of the high level of its contributions remains 
the standard treatise on the subject. From its 


Oxford University Press, 1950.) 
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inception it was clear that the rapid accumulation of 
knowledge would necessitate periodical revision. 
This has taken the form of supplementary volumes— 
of which that under review is the first. Let it be said 
at once that it maintains the high standard of its 
predecessors. The letterpress is beautifully laid out 
and printed, the illustrations are clear and satis- 
factory, and no fault in the sections tested can be 
found in the indexing and copious references. Its 
possession will bring much pleasure to oil men for 
its own sake, as well as for its progression of the 
existing treatise. 

Despite the title, little more than one-quarter is 
devoted to crude oils, and it is a question whether 
this is enough. By now much more could have been 
said about the Middle East crudes which are becoming 
outstandingly important in world economy. But the 
editors must have been torn between to-day’s need 
to publish and the wish to wait for to-morrow’s 
developments. The line which had to be drawn has 
also excluded any serious reference to the new 
Canadian oil production which bids fair to become 
of the greatest influence. Altogether, the account of 
the forty-odd per cent of crude oil produced outside 
the United States is skimpily treated in comparison 
with the 279 American crudes, of which 160 are dealt 
with in some detail. Within this section the most 
striking contributions, like Nelson’s admirable study 
of evaluation, are not unexpectedly of American 
origin. 

A generation ago when B. T. Brooks was writing 
the preface to his monograph on the non-benzenoid 
hydrocarbons, he may have foreseen—but surely in 
imaginative moments—the advanced nature of the 
contributions to hydrocarbon chemistry which com- 
prise the second portion of the present volume. 
Brooks and Dunstan were then urging the need for 
greater knowledge of the petroleum hydrocarbons in 
order to facilitate their conversion into other useful 
products. To-day as editors they must be pleased 
with their prescience and the results of their preaching. 
This section consists of separate essays on the hydro- 
carbon groups, together with important monographs 
on their thermochemistry, their isolation from 
petroleum and the mechanism of organic reactions. 

It is not possible within the scope of a review to 
indicate the depth of the subjects covered, nor within 
the limitations of a single reviewer to do them 
justice. The article on the electron approach to 
reaction mechanisms is stirring to the uninitiated 
and opens up vistas of directional control of thermal 
reorganization, polymerization and the like, as well 
as of the reactions most likeiy to aid the chemist in 
using petroleum as a raw material. But it is difficult 
reading for the ordinary oil man, and he may weleome 
the apparent intrusion of the poetic interest when he 
reads that ‘“‘changes of the carbonium ion are merely 
ways of converting an unstable open sextet of 
electrons to a stable octet”’. 

American Petroleum Institute Research Project 6 
on the identification of petroleum hydrocarbons, 
and Project 44 on their properties, have been 
responsible for great advances, and the former is 
stated to have involved to date some “200 man- 
years of research”. As is retural, therefore, con- 
tributions from that dominant sponsoring body, 
the United States National Bureau of Standards, 
are highly important. A summary of the chemical 
thermodynam: properties of hydrocarbons presented 
in terms of heats, free energies and logarithm equi- 
librium constants of formation is of particular value. 
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It is to be noted that the Bureau of Standards w)|! 
supply gratis one complete set of the tables of 
physical and thermodynamic properties prepared | y 
Research Project 44 to each appropriate department 
in universities and colleges. This is a very fine 
gesture. 

It would have been nice to see a summarized 
account of the work on pure hydrocarbons which is 
being carried out in Great Britain under the contro! 
of the Institute of Petroleum and supported strong! y 
by the oil and chemical industries. The part played 
by British scientific workers in this sphere is no mean 
one. The application of spectrographic and other 
methods to the chemistry of petroleum gained great 
impetus in Britain during the Second World War 
and has progressed strongly ever since. Perhaps in 
due course the Institute of Petroleum, in similar 
fashion to the American Petroleum Institute and 
National Bureau of Standards, will consider dis- 
tributing a summary of its results. 

S. J. M. Aub 


REASON IN ETHICS 


An Examination of the Place of Reason in Ethics 
By Stephen Edelston Toulmin. Pp. xiv+228. (Cam. 
bridge: At the University Press, 1950.) 16s. net. 


HIS book is to be recommended for sound sense. 

sound argument and exposure of fashionable 
fallacies. Mr. 8. E. Toulmin sets out to show what 
reasoning is and how it may be used in different ways 
for different purposes. In the natural sciences it is 
used in one way (excellently described) for general. 
ization and for turning what were unexpected events 
into expected ones. The validity of scientific reasoning 
is tested by its success in fulfilling the scientific 
purpose. Reasoning in ethics fulfils a different pur- 
pose. Ethical judgments arise because men form 
communities and need to adjust their conduct to one 
another’s desires, maintaining a system of claims and 
counterclaims formulated in certain traditional rules. 
Where a man has choice of action, success in deciding 
between alternatives depends upon reasoning cor- 
rectly about them. The reasoning may consist either 
in finding out what kind of act conforms to a recog- 
nized rule, as in legal practice, or by discussing the 
value of the rules themselves for the welfare of 
individuals and communities. Both ways of reasoning 
are ethical; but they are not the same, and the main 
dispute among moral philosophers has been as to 
which is primary. 

Questions about the validity of specific scientific 
judgments can be answered within the sphere of 
science, but not the question whether scientific pro- 
cedure in general is valid. Similarly, within the 
sphere of ethics questions about specific duties can 
be answered but not the general question: Why 
should anybody do his duty? These are ‘limiting 
questions’; they permit of no plain literal answers, 
scientific or ethical ; they are metaphysical and have 
to be dealt with figuratively. 

Before expounding his positive doctrine, Mr. 
Toulmin has to dispose of certain views. One is that, 
since people contradict one another or agree over 
ethical questions, good and bad must be ‘objective’ 
properties of things ‘external’ to the people. Another 
is that, since there are no such ‘objective’ properties, 
ethical judgments are purely ‘subjective’ and cannot 
contradict one another. A third view is that ethical 
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judgments are merely imperatives. All these assume 
that any assertion that can be true or false refers to 
something ‘in the object’ and otherwise must refer to 
omething ‘in the subject’. This comes of misusing 
spatial metaphors. Of course, ethical judgments may 
be imperative, as may scientific judgments, and they 
are also in part subjective. 

It is a pity Mr. Toulmin takes such a parochial 
view of the history of moral theory. “Tradition’ for 
him seems to be confined to three books, all of the 
present century, two of them negligible except as 
illustrating fallacies. The third, Moore’s ‘Principia 
Ethica’’, he misunderstands through ignoring Moore’s 
relation to Sidgwick. His few glances at the past are 
not happy. Bentham is taken as initiating utilitarian- 
ism, whereas he marks an end rather than a beginning. 
Hume is quoted as though the outstanding exponent 
if moral sense. Why not Adam Smith? Above all, 
Mr. Toulmin ignores the fact that Plato and Aristotle 
were dealing with similar fallacies by methods similar 
to his own. A. D. Rrrcute 
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METHOD AND PHILOSOPHY 
OF SCIENCE 


Science 

Its Method and its Philosophy. By G. Burniston 
Brown. Pp. 190+8 plates. (London: George Allen 
and Unwin, Ltd., 1950.) 15s. net. 


R. G. BURNISTON BROWN has written a 
book which is full of good things. It appears 
to be a series of extended essays written during a 
period of six years and in five different places, and 
this may account for a sense of discontinuity which 
I felt when reading it. Nevertheless, there is a con- 
necting link which the author uses to join his 
anecdotal treatments of a multitude of topics in the 
history of science: he traces the extension of 
scientific thought from Aristotle's “Organon” to 
Francis Bacon’s “Novum Organum’’, on to Whewell’s 
“Novum Organon Renovatum”’, until he comes to the 
“ultra-modern science’’ of Eddington and Milne, 
with which he deals in a lucid and succinct manner. 
Dr. Brown sees science with the eyes of a physicist 
who has a background of philosophy and some 
aspects of psychology, and this may be the reason 
why the ideas and methods which are more usually 
associated with the biological and chemical sciences 
have had a poor showing in his book. The author 
appears to neglect, and even to despise, the modern 
statistical methods which have been developed from 
the pioneer work of Galton and Pearson and which 
have borne such excellent fruit in the applications of 
biology to medicine, agriculture and the social 
sciences through the techniques devised by Fisher, 
Gosset and others. 

Every author has a right to his own opinions con- 
cerning what he feels to be important, but it is 
doubtful whether such detailed accounts as he gives 
concerning the now well-known Kéhler investigations 
on monkeys, to illustrate a process of learning, are 
worth including. 

The whole question of the use of words in scientific 
thinking is a difficult one, involving as it does many 
epistemological problems of semantics and linguistics ; 
but it might be worth adding Einstein’s own state- 
ment concerning his method of working : ‘“The words 
or the language, as they are written or spoken, do 
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not seem to play any role in my mechanism of 
thought. The psychological entities which seem to 
serve as elements in thought are certain signs and 
more or less clear images which can be voluntarily 
reproduced and combined.”’ 

This book could profitably be read with West- 
away’s work of almost similar title, W. H. George’s 
“The Scientist in Action” and C. H. Waddington’s 
“The Scientific Attitude’. If it does not occupy 
quite the unique place which is claimed for it on the 
book jacket, it is a pleasure to read ; it should be in 
every library and should be studied by every univer- 
sity student of science. W. L. Sumner 


MINERALOGICAL DICTIONARY 
FOR CHEMISTS 


An Index of Mineral Species and Varieties arranged 
Chemically 

With an Alphabetical Index of accepted Mineral 

Names and Synonyms. By Dr. Max H. Hey. Pp. 

xx + 609. (London: British Musewn (Natural 

History), 1950.) 30s. 


HOSE interested in mineralogical chemistry will 

welcome this book by Dr. Max H. Hey as a 
most useful compendium. Being based on chemical 
composition, the classification differs from that of 
other books on determinative mineralogy. 

The author’s introductory remarks include a state- 
ment that his intentions are “to provide a ready 
answer to anyone enquiring what minerals of a given 
qualitative chemical composition are known, to 
assist in eliminating superfluous mineral names” and 
to provide “a collective index to recent work bearing 
on the individuality and chemical composition of 
minerals’. He further aims at providing an index of 
mineral names both old and recent. Mineral identi- 
fication based entirely on qualitative chemical 
analysis is often difficult or impossible, but the book 
will be much used by those interested in the inter- 
pretation of quantitative chemical analyses of 
minerals, and should encourage co-operative mineral - 
ogical work by a combination of chemical and 
physical methods. 

The work is divided into two main sections, a 
chemical index and an alphabetical index of mineral 
names. The chemical index is based on subdivision 
by anions ; further stages of subdivision are usually 
by metals, with adequate cross-references, sub- 
sections being arranged according to the periodic 
classification of the elements. Silicates receive special 
treatment, being grouped according to the presence 
of other anions, the absence of aluminium, the 
presence of aluminium without other metals, and the 
presence of aluminium with other metals. Each 
mineral named is accompanied by the chemical 
formula or composition and by succinct notes on, for 
example, validity of claim to be a true mineral, 
varieties, synonyms, and isomorphous relationships. 
Bibliographical references are given, many of these 
being to Dana’s “System of Mineralogy”, the 
Mineralogical Magazine and Mineralogical Abstracts. 

The second part of the book, an alphabetical index 
of mineral names, contains both literature references 
and numbered references to the chemical index, with 
names of first authors and dates of introduction of 
the mineral names. Synonyms and names of varieties 
are included in this alphabetical list. 
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The book therefore not only provides a simplified 
means of obtaining information about minerals the 
chemical compositions of which are known, but also 
supplies information about any named mineral, and 
thus serves as a comprehensive reference book for 
the mineralogical chemist and mineralogist. Dr. 
Hey’s system of classification could provide a basis 
for international codifying, linguistic confusion being 
avoided if, for example, 14.20.1, the code number for 
riebeckite, had world-wide significance. 

The number of minerals dealt with in the chemical 
index is of the order of four thousand, and the 
alphabetical list contains about twelve thousand 
names. These facts suffice to indicate the volume of 
careful and concentrated effort expended during the 
preparation of the book. C. O. Harvey 


REMINISCENCES OF PLANT 
BREEDING 


Plant Breeding 

By Dr. A. L. Hagedoorn. (Agricultural and Horti- 
cultural Series.) Pp. 237+4 plates. (London: 
Crosby Lockwood and Son, Ltd., 1950.) 12s. 6d. net. 


HE business of plant breeding has, in the past 

generation, been put on new foundations. 
Mendelian genetics, the study of chromosome 
behaviour, statistical method and experimental 
design have had their independent influences on its 
theory and practice. Their interactions are still 
powerfully at work in such fields as the study of 
origins of cultivated plants, the theory of acclimat- 
ization, the genetics of the parasite—host reaction, 
the practice of inducing mutations, and the theory 
of selection. In these circumstances, a competent 
and up-to-date work on plant breeding, even of an 
elementary kind, would require close study, an 
ordered arrangement, and accurate and detailed 
references to the sources of principles and practice. 
These conditions are not met by the present 
work. 

Dr. A. L. Hagedoorn has had forty years experience 
of plant breeding and agriculture in many parts of 
the world. He has put together his opinions and 
recollections as a popular introduction to the subject. 
The result has the merit of being written in a simple 
conversational style. Every aspect of the subject, 
practical and theoretical, is mentioned in its fifty-one 
chapters. But unfortunately no aspect is covered. 
Each chapter is incomplete and the whole fifty-one 
are thrown together. Interest is aroused in every 
direction, but in no direction is it satisfied. There 
is very little in it that could not have been written 
twenty years ago, and most of its many mistakes 
might have been corrected at that time. The biblio- 
graphy has no obvious connexion with the text. The 
index is a failure. 

These shortcomings might be thought to be over- 
whelming; yet, in fact, most plant breeders ought to 
see this book, and most agriculturists. Those seeds- 
men also who aspire to know what they are doing 
(and there are a few) might do worse than begin with 
Hagedoorn. But a serious student, especially a 
beginner, would be dangerously muddled if he were 
to waste his time sorting out the chaff from the grain 
in this work. For him there are more appropriate 


books written both in Great Britain and in the 
United States. 


C. D. DARLINGTON 











June 2, 1951] vou ie? 
SCIENCE AND CROP HUSBANDRY 


Advances in Agronomy 
Prepared under the auspices of the American Society 
of Agronomy. Vol. 1. Edited by A. G. Norman. 
Pp. xii+439. (New York: Academic Press, Inc., 
1949.) 7.50 dollars. 

ERY many who are engaged in scientific work 

in the sphere of crop husbandry find themselves 
involved in two different kinds of scientific society. 
They are generally trained in a fundamental science, 
being botanists, chemists or whatever it may be, and 
are usually: concerned with some special subject 
within that science; but, in addition, they have a 
necessary professional concern with the work of 
others engaged in soil and crop study, and they must 
have some knowledge of the work which, while 
different in its fundamental science, is equally a 
factor in soil management and crop growth. It is 
necessary for many scientific workers whom specia! 
ization would separate to be integrated in their 
united service to agronomy. The American Society 
of Agronomists has therefore started a series of 
publications so that workers in different sciences wh. 
are concerned with soil and crop shall have some 
reasonable knowledge of the recent work on crop 
husbandry by those in other sciences. 

The selection of subjects for this purpose may be 
a little difficult, but comment is scarcely possible on 
the first volume ; it will take a number of volumes 
to cover all the important recent work. Moreover, 
it must be remembered that these publications are 
primarily intended for American readers. The ten 
articles in the first volume are not elementary. 
although none, taken as a whole, is too highly 
specialized for scientific workers engaged in other 
branches of agronomy. Each article is written by an 
acknowledged expert in the subject, and each article 
starts with a table of contents and concludes with a 
very exhaustive set of references. 

Three articles deal with crops—alfalfa, potatoes 
and soya beans. Seed‘ production in alfalfa is well 
known to be unreliable, and the chapter on this crop 
deals largely (but not exclusively) with pollination 
problems and the importance of bees, which is a 
major ecological factor in some areas. A large part 
(but again not the whole) of the chapter on potatoes 
concerns experiments on manuring and disease 
control. The article on soya beans is rather longer 
and more comprehensive ; there are many scientific 
and cultural problems involved in the improvement 
of this crop, and this fact has led to the establishment 
of a regional station to co-ordinate research in twelve 
of the north central States. 

Articles on clay minerals and on weed control give 
good accounts of the whole development of study in 
these subjects, and the chapters on fertilizers and 
fertilizer practice and on soil micro-organisms and 
plant roots give a full account of recent work. The 
article on the fixation of soil phosphorus summarizes 
important work that has been very prominent in 
recent literature. The salt tolerance of plants is the 
dominant subject in the article on growth in saline 
soils. Methods of detecting and estimating boron 
described in the article on boron in crop growth are 
only likely to concern chemists, but otherwise the 
article is a good summary of the subject. 

The publication of these “Advances” is a sound 
and welcome project ; and while it is mainly intended 
for North America, all of it will be of great interest 
and most of it of great practical value elsewhere. 
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No. 4257 
Evolution 
By Chapman Pincher. (Reason Why Series.) Pp. 
199. (London: Herbert Jenkins, Ltd., 1950.) 
7s. 6d. net. 


NOTHER book from the nimble pen of the 

indefatigable Chapman Pincher bears witness 
to his industry and the catholicity of his tastes. 
Here, in one of the popular “Reason Why” series, 
Pincher presents both the evidences for and the 
mechanics of evolution. The book is planned as a 
series of well-thought-out and commonly asked 
questions followed by answers generally accepted in 
contemporary biological thinking. The material is 
usually free even from minor errors, although the 
assertion that human ova are liberated bi-monthly 
and alternately from the two ovaries is one which 
further investigation may not substantiate. 

Each section has been carefully chosen and skil- 
fully written to give a connected story which should 
be intelligible to the lay reader; he may be a little 
over-powered by the cumulative effect of biological 
terms. To the clearly presented text of what is, at 
current prices, a remarkably cheap book, Pincher has 
added many black-and-white drawings and diagrams 
which increase its value. He has also included an 
interesting appendix describing the methods used in 
calculating the age of the earth, a glossary which 
differs from so many in making ‘difficult’ terminology 
clear, and a short and relevant bibliography. 


Herdsmen and Hermits 
Celtic Seafarers in the Northern Seas. 
Lethbridge. Pp. xix+ 146. (Cambridge : 
Bowes, 1950.) 10s. 6d. net. 

HERE is always a freshness about anything 

T. C. Lethbridge writes. His works give one the 
feeling of scudding before the breeze in an open boat 
on @ crisp spring morning. However outrageous his 
statements at first sight appear to be, one goes on 
reading and later, not infrequently, comes to the 
conclusion that, after all, though unorthodox, there 
is not a little truth in them. He is a leading expert 
both on the Saxon period in Great Britain and on 
handling boats of all kinds; he has sailed about 
the rugged coastline of Scotland, is intimate with 
that of Iceland, and has also explored and mapped 
that of Baffin Land. 

Mr. Lethbridge brings to this little work on the 
early story of Scotland, Iceland and Greenland all 
his varied knowledge and experience. It is quite 
easy for the study-archxologist to move people about 
like pawns, and to postulate migration routes in 
early times by sea on the evidence of distribution 
maps. What is important to know is what was 
possible under the climatic and geographical con- 
ditions of the period and with the boats available at 
the time, and these are just the kinds of points the 
author is so well qualified to pronounce upon. On 
land he stresses the effects of the Belgic invasions of 
southern Britain, prior to the appearance of the 
Romans on the scene, and believes that many of the 
natives among whom the Belge penetrated migrated 
northwards and developed the well-known Broch 
culture. He distinguishes sharply between this culture 
and that of the Stone Forts. 

The chapters dealing with the discovery of Green- 
land and its eventual colonization by Eric the Red 
are particularly interesting, as, too, are the remarks 
on the problem of the Norsemen having reached the 
mainland of America—either Labrador or possibly 
farther westward up the Hudson Bay. Clearly, Mr. 


By T. C. 
Bowes and 
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Lethbridge believes in the genuineness of the famous 
runic stone, now known as the Kensington Stone, 
which was said to have been found in America. The 
author’s knowledge of the area and of boats has 
enabled him to check up on the records and to trace 
out the route taken, assuming that a day’s sailing 


covered about a hundred miles. Specialists may 

decry some of the statements made; but the book 

contains valuable matter and makes good reading. 
e M. C. BURKITT 


The Science Teacher’s Handbook 

A Companion to “Everyday Science Topics”. By 
T. A. Tweddle. Pp. 249. (London: George G. 
Harrap and Co., Ltd., 1950.) 12s. €d. net. 


HIS book, based on a scheme of work which has 

been in use for ten years, is for teachers and is 
a companion to the author’s three books on “‘Every- 
day Science Topics”. As the title of the volumes 
implies, the topical method accompanied by experi- 
mental work is used, and the topics, which are based 
on the pupils’ interests, needs and possible occupa- 
tions, are intimately connected with their everyday 
experiences. This, the reviewer feels, is the right 
course to follow for youngsters who do not need or 
wish to pursue any strictly academic work, and it is 
excellently done here. There may, however, be some 
pupils in the higher age-groups destined to enter the 
technical field later on, and a more formal course, 
say in the last year or two at school, might be helpful 
to them. — 

Scientific principles are dealt with incidentally, 
and this is understandable. But one hopes, at any rate, 
that in pursuing the course time may be found to direct 
attention to the pioneers who discovered the prin- 
ciples; such attention would be both instructive 
and educational to the pupils. In general, the scheme 
has been well thought out and presented, and should 
be especially helpful to those Modern Schools search- 
ing for a suitable course. 


General Chemistry 
A Systematic Approach. By Harry H. Sisler, Calvin 
A. Vander Werf and Arthur W. Davidson. Pp. x+ 


870. (New York: The Macmillan Company ; 
London: Macmillan and Co., Ltd., 1949.) 37s. 6d. 
net. 


HIS book, intended as a one-year course, is the 
result of much teaching experience on the part 

of the authors, and is intended to provide a logical, 
interesting and psychologically sound approach. The 
contents cover the topics usually found in modern 
American books of its standard, including some 
organic chemistry. Particular emphasis is laid on 
general theoretical principles, physical chemistry and 
the modern theories of atomic structure and valency. 
Since the Periodic Table is taken as a basis, many 
less-common elements come in for short discussion. 
The inert gases are dealt with first, then non-metals 
of Groups 7-4, and then the metals of Groups 1-4, 
the transitional elements being dealt with in an 
unusual place, after Group 3. The historical approach 
is used throughout, it being recognized that the way 
knowledge has been attained is at least as important 
as the knowledge itself. While the whole text is 


clear and attractive, special mention should be made 
of the theoretical sections ; the physical chemistry 
is modern and quite adequately treated. At the same 
time, the descriptive chemistry is not unduly cur- 
tailed, as sometimes happens, and the book as a 
whole is well balanced. 











URING the last week of May, the University 
of Manchester (or, to be more accurate, Owens 
College) celebrated its centenary, the occasion being 
marked by the honour of a visit of H.M. the Queen. 
On March 12, 1851, Oweng,College was founded by 
the will of John Owens, a Manchester business man ; 
by the Acts of 1870-71 women were permitted 
admission and by the turn of the century enjoyed 
full privileges ; by 1880, the Victoria University, of 
which Owens College was the first, and for a time the 
only, constituent college, had received its charter ; 
in 1883 powers to grant degrees in medicine were 
obtained ; in 1903, by charter, the University became 
independent and autonomous and in 1905 the 
College of Technology was incorporated as a Faculty. 
The University to-day has nine faculties. These are 
the bare facts of the coming into being of the first 
of the modern civic universities in England. The 
occasion of the centenary has been commemorated 
by the publication of a volume, “Portrait of a 
University”’ (Manchester University Press), by Prof. 
H. B. Charlton, to which the reader is referred for a 
fuller account of the circumstances in whieh the 
University was founded and has developed. As the 
vice-chancellor, Sir John Stopford, has said in his 
foreword, Prof. Charlton ‘“‘has sketched a portrait of 
a new form of university which stimulated a great 
educational movement and provided the pattern for 
others”. The founders of Owens College, by giving 
practical effect to Owens’s ideals and his belief that 
social progress was to be achieved through education, 
performed a pioneering experiment of unique interest 
and one which influenced academic education 
throughout the country. 

The essence of Owens’s instructions to his trustees 
was that learning should be on a wide and liberal 
basis, that there should be complete freedom of 
conscience, that the College was primarily to serve 
the City or local region, and that it was to be open 
to all male applicants irrespective of their place in 
society. His aim was to found an institution to 
provide instruction “in such branches of learning and 
science as are now and may be hereafter usually 
taught in the English universities”. Although the 
trustees were, for the most part, non-academic men, 
they did a magnificent job. Thus they held that 
mathematics and natural philosophy (physical 
science), together with the classical and 
literatures, philosophy and English language and litera- 
ture, constituted the true basis of a university educa- 
tion, while natural history and some modern languages 
should be included as useful secondary subjects. 
When in 1851 the new College opened, a full-time 
professor of mathematics and natural philosophy and 
part-time professors of natural history (including 
botany and geology) and of chemistry were appointed. 
The University has thus to its credit one hundred 
years of teaching in scientific subjects. 

Over the years the science departments have vastly 
increased in size and number, so that, to-day, some 
thirty-two professors are included in the Faculty of 
Science. In this article only brief references to the 
many and diverse scientific activities in the University 
can be made. 

As we have seen, mathematics and physics had a 
professor from the outset. During 1885-1920 the 
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Mathematics Department was dominated by Horace 
Lamb, who performed a great work in collecting the 
hydrodynamical knowledge of his day and extending 
it in many directions. By his association with 
Osborne Reynolds he began the work of bridging the 
gap between mathematical and engineering hydro- 
dynamics. After him, the applied mathematics went 
through an astronomical phase under Chapman 
and E. A. Milne. With the appointment of Prot. 
S. Goldstein (1945-50), the University regained its 
supremacy in fluid motion. The Fluid Motion 
Laboratory was created on his recommendation and 
now works in collaboration with theoretical hydro 
dynamicists in the Department of Mathematics in 
pioneering investigations of many fundamental pro 
cesses in fluid motion involving turbulence, boundar) 
layers, shock waves, etc. A se te chair of pure 
mathematics was created in 1923: L. J. Mordell was 
the first professor, and quickly collected an active group 
working in the theory of numbers. He was succeeded 
in 1945 by Prof. M. H. A. Newman, who soon built 
up an active school in topology and related subjects 
The expansion of the Department since the War has 
made a greater range of subjects possible, and 
research is being done, and postgraduate courses 
given, in algebra, topology, theory of numbers, and 
mathematical logic. With chairs in pure, applied 
and statistical mathematics, and a large research: 
group, the Manchester school is now among the 
strongest in the country. 

The Department of Physics first achieved fame 
under the direction of Balfour Stewart during 1870 
87. Schuster succeeded Balfour Stewart and held 
the chair until 1907. Schuster did pioneer work in 
the theory of the ionosphere and magnetic storms. 
He was a classical physicist of great distinction and 
w.*h a fine understanding of physical problems com- 
bined with considerable mathematical gifts. Ruther- 
ford was appointed in 1907 and rapidly collected 
round him a most band of colleagues, 
including Geiger, Nuttall, Chadwick, Andrade, 
Darwin, Bohr, Robinson and Moseley. Modern 
nuclear physics was born in the present Physical 
Laboratories between 1907 and 1919, when Ruther- 
ford moved to Cambridge. Perhaps the most 
outstanding point of this great period was Ruther- 
ford’s paper in 1911, entitled “Scattering of «- and 
8-Particles by Matter and the Structure of the 
Atom”. This laid the foundations of the nuclear 
theory of the atom. In 1908 Rutherford was awarded 
the Nobel Prize for i . Then in 1919 he first 
disintegrated light nuclei ay Fa allowing «-particles to 
collide with them. This was the beginning of the vast 
modern subject of nuclear chemistry. In 1919 Sir 
Lawrence Bragg started a very fertile school of 
X-ray crystallography. It will be remembered that 
he had been awarded a Nobel Prize jointly with his 
father in 1915 for their work on X-ray analysis of 
crystal structures. During his Manchester time 
Lawrence Bragg extended the technique of X-ray 
crystal analysis from simple to complex crystals and 
worked out many of the systematic methods by 
which the crystal structure of some complex materials 
are now elucidated. In 1937 Lawrence Bragg left to 
take up the directorship of the National Physical 
Laboratory, which he left a year later to succeed 
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hutherford at Cambridge. It is interesting to note 
that three professors with Manchester associations 
held this position, namely, J. J. Thomson, who was 
« student of Owens College, Rutherford and Bragg. 
Prof. P. M. 8. Blackett succeeded Bragg and brought 
with him from London a small group of workers on 
cosmic-ray problems. This grew to be the major part 
of the work of the laboratory. Dr. Rossi worked 
there just before the War, and Dr. L. Jénossy 
during 1940-46. Engaged on cosmic-ray research 
now is @ large group of young workers. Of striking 
interest has been the discovery by Drs. Rochester 
and Butler in 1947 of two new types of unstable 
elementary particles. After the War a large radio- 
astronomical observatory was started at Jodrell Bank 
under the direction of Dr. A. C. B. Lovell. This is now 
one of the largest radio-astronomical observatories 
in the world. Recently they have succeeded in 
obtaining the radio noise from Andromeda Nebula. 
In 1948 Prof. Blackett brought a third Nobel Prize 
to this Department. 

Chemistry hac, as its first professor, Edward 
Frankland (1851-57). From small beginnings the 
Department has grown until now it has nearly eight 
hundred students, of which more than a hundred are 
pursuing postgraduate courses. The laboratories 
built by Sir Henry Roscoe in 1873 and repeatedly 
refitted are still in use; but many new laboratories 
have since been added. Some of these bear the names 
of those who have been responsible for building up 
the reputation of the Department as a centre of 
teaching and research, and include Carl Schorlemmer 

—the first professor of organic chemistry in Great 
Britain— Harold B. Dixon (1885-1922), W. H. Perkin, 
jun., in organic chemistry (1892-1912), Arthur Lap- 
worth (1913-35), and Sir Robert Robinson, professor 
of organic chemistry during 1923-28. The Depart- 
ment, now under Prof. E. R. H. Jones and Prof. 
M. G. Evans, is attracting an ever-increasing number 
of students from Britain and abroad, and the subjects 
of study cover such widely separated topics as the 
chemistry of vitamin A, acetylenic compounds, 
terpenes and steroids, polynucleotides, and investi- 
gations on the molecular structure of organic com- 
pounds, reaction kinetics, bond dissociation energies, 
thermodynamics and photochemistry. In 1906 a 
chair of metallurgy was founded. The interests of 
the Department have from the beginning been 
metallographic and electro-metallurgical, and in the 
past thirty years particularly concerned with the 
effect of stress on metals and alloys. During the 
time of H. C. H. Carpenter (1906-13), perhaps one 
of the outstanding researches was that on the 
‘growth’ of cast iron, which for the first time provided 
an explanation and therefore led to the outstanding 
developments which have since taken place. In 
recent years the wire-drawing process, corrosion, the 
measurements of hardness and of damping capacity 
have been particularly examined. Nine holders of 
metallurgical chairs, either in Great Britain or 
abroad, have been connected with the Department. 
Prof. F. C. Thompson now occupies the chair. 

The biological sciences were represented from the 
beginning of the College by W. C. Williamson as 
professor of natural history (comprising botany, 
zoology, physiology and geology). The passing years 
have seen distinguished exponents of zoology in the 
persons of A. Milnes Marshall, 8. J. Hickson and 
J. 8. Dunkerley in the Manchester chair. Under 
Prof. H. Graham Cannon the morphological tradition 
is being continued along modern functional-morpho- 








NATURE 


877 


logical lines, while development along experimental 
lines is evidenced by the appointment of Prof. R. 
Dennell to the chair of experimental zoology—-the 
first to be established in Britain. 

Under W. C. Williamson and, later, under Profs. 
Weiss, Lang and Drummond, the teaching of botany 
was established on a broad basis. Already by 1908 
the Department was in the fortunate position of 
having two endowed chairs. On the research side, 
Manchester botanists became renowned, among other 
things, for their contributions to our knowledge of 
fossil plants. During recent years the Department 
has been productive of important researches on 
cytology (Prof. I. Manton, now of the University of 
Leeds), experimental morphogenesis (Prof. C. W. 
Wardlaw and Prof. E. Ashby) and on various aspects 
of physiology, algology and mycology. Under Prof. 
S. C. Harland the traditional interests are being 
sustained and balanced by new werk on plant 
genetics. 

The Honours School of Geology began in 1885 
under Sir William Boyd Dawkins (1874-1909) with 
a strong paleontological bias. It was during this 
period that the fine geological museum was built, 
an invaluable legacy of Boyd Dawkins's energy and 
his ability to arouse wide enthusiasm for his subject. 
Sir Thomas Holland’s tenure of the chair [1909—19) 
was marked by the introduction of petrology as an 
integral part of the science. Under Prof. O. T. Jones, 
stratigraphical interests were pursued and a great 
reputation was established for the investigations of 
the Lower Paleozoic rocks of Wales, a tradition 
which was continued and extended by Prof. W. J. 
Pugh (1930-50), now director of the Geological 
Survey. With the appointment of Prof. W. A. Deer 
in 1950, the scope of the Department's research has 
taken in new fields, and by the end of this year, with 
the building of spectrographic and X-ray crystal- 
lography laboratories, the Department will be in a 
position to undertake investigations in any field of 
petrology, while the traditional studies of Lower 
Paleozoic stratigraphy will be continued. 

A word must be said about anatomy—too often 
regarded as a purely ‘medical’ subject. Sir G. Elliot 
Smith (1909-19) is regarded by many as the greatest 
anatomist of this century. His contributions to 
neurology and anthropology in particular were 
fundamentally important ; but his penetrating and 
philosophical mind elucidated many problems. Sir 
John Stopford, now vice-chancellor, was professor 
during 1919-37; he gave evidence of rare quality 
as an anatomist, especially in neurology, and research 
activities flourished around him to an unusual degree. 
He was succeeded by Prof. F. Wood Jones (1938- 
45), another outstanding anatomist and possessor 
of a brilliant and often unorthodox mind which has 
ilhumined many obscure fields. The present occupant 
of the chair, Prof. G. A. G. Mitchell, is interested in 
the experimental approach and the exploitation of 
physical aids to research. 

Physiology has been represented at the professorial 
level since 1873. To W. Stirling (1886-1919) goes 
the credit of organizing and extending the teaching 
work. Prof. A. V. Hill (1920-23) did some of his 
most important work on muscle physiology and on 
hemoglobin, end with Crichton Bramwell pursued 
classical investigations on pulse wave velocity. Prof. 
H. 8. Raper, who succeeded Hill, was already well 
known for his work on fat metabolism. He set 
himself against specialization, and work on many 
lines came from his Department. The work of the 
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Department under Prof. W. Schlapp is still varied, 

but it has a neurophysiological trend. Courses in 
pharmacy were begun in 1883, separate classes for 
medical and pharmacy students soon being instituted. 
Indeed, Manchester was the first university to 
recognize the subject for the ordinary degree of 
B.Se. (1904). A chair was established in 1946, and 
under Prof. H. Brindle a comprehensive programme 
of research is being undertaken. 

The Department of Psychology was formed in 
1910 through the initiative of the professors of 
philosophy and pathology, Samuel Alexander and 
J. Lorrain Smith. It is established in the Faculty 
of Science and housed in the Medical School, and for 
many years has had close connexions with the 
Faculties of Arts, Medicine, Education, Economics 
and Social Science. Instruction and research are 
carried on in general and experimental, social, 
industrial, child, abnormal clinical psychology, and 
in mental health. The course for psychiatric social 
workers initiated in this Department is now under 
the direction of the Department of Psychiatry, which 
works in close co-operation with Psychology. Under 
Prof. T. H. Pear, since 1919, research has been 
carried out in connexion with sound localization, 
vocational selection, the acquisition and transfer of 
skill, remiembering, learning and forgetting, the 
psychological aspects of speaking and personality. 
Present investigations include impressions of person- 
ality from voice, English social stratification, speech- 
training, tests of spatial perception, projection- 
tests, attitude-measurement, perception of depth, 
and the design and use of electronic apparatus for 
use in psychology. 

The Department of Engineering was established 
in 1868 under Prof. Osborne Reynolds (1868-1905). 
Reynolds, who combined considerable mathematical 
ability with practical engineering skill, is now best 
known for his work on fluid motion. The influence 
of this school has been far-reaching, Reynolds and 
his pupil, Prof. A. H. Gibson (1920-49), between them 
having trained a great many professors. Prof. Gib- 
son’s interest eventually concentrated on hydraulics, 
and his book, which gained world-wide recognition, 
has done much to turn hydraulics of river beds and 
estuaries from an empirical art into a science. His 
study of dynamical similarity culminated in the long 
series of hydraulic model investigations for which the 
Department became famous. The roots of the present 
Electrical Engineering Department lie in a course on 
technical electricity given by Prof. Schuster in the 
Physics Department in 1890. A department 
was formed in 1912 under Dr. R. Beattie, who later 
became the first professor of electro-technics. His 
researches were concerned with Magnetic properties 
of materials. The modern flux meter is evolved from 
Beattie’s ‘Electric Quantometer”’. In the early 
1930’s, F. Roberts pioneered the teaching of elec- 
tronics, and research since then has been mainly on 
this ‘light’ side of the subject. Detection in diode 
rectifiers was studied in detail and work on back- 
ground noise was undertaken. Research continued 
throughout the War under Prof. Willis Jackson, 
mainly into the properties of dielectrics. Since the 
appointment of Prof. F. C. Williams in 1946 the 
main line of research has been concerned with 

electronic digital computers and is carried on in 
collaboration with the Department of Mathematics. 
Additional lines of research are concerned with servo- 
mechanisms and high-vacuum apparatus. These lines 
of activity are likely to continue in the future, and 
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work in the higher-voltage field is just beginning. 
Reference must also be made to the Bush different;a! 
analyser constructed at Manchester by Prof. D. i. 
Hartree (now at Cambridge). 

Those who have guided.the affairs of the University 
of Manchester have not been afraid to extend 
‘learning and science’ to practice. Mention has 
already been made of the relation between tiie 
University and the Technical College. Chairs were 
established in mechanical engineering, electrical 
engineering, applied chemistry and textile industrics 
in the College; but many other departments have 
also been formed. In the several departments a close 
and constant liaison between science and industry 
has been steadily maintained, while researches both 
of a practical and fundamental character have been 
and are being actively pursued. The latest develo; 
ment is the introduction of a course of applied physics 
leading to ordinary and honours degrees (see p. 887 
of this issue). 

In this rapid survey, in which there are many 
unavoidable omissions, some impression has been 
given of the development of science in a modern 
university. It is an impressive record—one that 
John Owens, with his high esteem for ‘learning and 
science’, would surely have regarded as an adequate 
fulfilment of his dreams. 
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WHIPPLE MUSEUM OF THE 
HISTORY OF SCIENCE, CAMBRIDGE 
By A. R. HALL 


NTEREST in the history of science, which has 

grown slowly but steadily in Cambridge during 
the past two decades through the efforts of a group 
of active pioneers in the subject, has recently matured 
in two notable events : first, the decision to introduce 
the history of science as an optional paper in the 
examinations for the Natural Sciences Tripos, and 
secondly the opening of the Whipple Museum of the 
History of Science by the Vice-Chancellor (Mr. 8. C. 
Roberts) on May 5. Among those present at the 
inauguration of the new Museum were Mr. R. 38. 
Whipple, donor of the principal part of the collection, 
Dr. F. Sherwood Taylor (director of the Science 
Museum, South Kensington), Mr. C. Josten (curator 
of the Oxford Museum of the History of Science), 
Mrs. D. W. Singer, Sir William Dampier, Sir Law- 
rence Bragg, and many other distinguished persons 
who have worked to achieve academic recognition 
for this branch of study. 

The first exhibition in Cambridge of the apparatus 
of former days was held in 1936, when the colleges and 
scientific departments were persuaded to open their 
cupboards in order that their treasured possessions 
associated with the development of science since the 
time of Newton might be gathered together. The late 
Dr. R. T. Gunther, whose vigorous researches in Oxford 
had already borne fruit in the re-creation of the Old 
Ashmolean, played a prominent part in discovering 
and arranging the material for this exhibition, which 
he described in his book ‘Early Science in Cam- 
bridge’. Unfortunately, this was a loan exhibition and 
the objects Gunther described were once more dis- 
persed. However, in 1944, Mr. R. S. Whipple presented 
his own magnificent collection of historic scientific 
instruments and books to the University, with the 
members of which, as chairman of the Cambridge 
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Scientific Instrument Co., Ltd., he had had a long 
and intimate connexion, thus laying the foundation 
of a permanent institution. A brief exhibition in 
the Old Schools revealed the importance of this 
generous benefaction; but the conditions of the war 
and post-war period inevitably rendered the imple- 
nentation of its purpose extremely slow. 

Mr. Whipple began to form his collection in 1913, 

ind it is interesting to observe in his private cata- 
logues the enormous increase in prices that has taken 
place since those early days, as the books and instru- 
ments which furnish the raw material for the history 
of seience have been increasingly sought after by 
collectors. When the outbreak of the Second World 
War brought his activities almost to a close, he had 
acquired nearly a thousand instruments and a slightly 
larger number of books, of which only a fraction can 
be displayed at present. Mr. Whippie’s interests 
(together with the inevitable loss of much fragile 
apparatus, such as chemical vessels) led him to con- 
centrate his attention principally upon the physical 
sciences, and among the objects in his collection, 
dating from the mid-sixteenth to the mid-nineteenth 
centuries, are numerous fine, and probably unique, 
examples of each class of instrument used in astron- 
omy, for measurement, or for instruction ; armillary 
spheres, astrolabes, nocturnals, quadrants, octants 
and sextants of different types, telescopes (among 
them a fine decorated vellum example made about 
1680, possibly by Christopher Cock, who made instru- 
ments for Newton, Hooke and other early Fellows of 
the Royal Society), spectacles, sundials (the collection 
of pocket dials being especially large and varied), 
surveying instruments, levels and compasses, etc. An 
extensive series of microscopes, mostly of English 
manufacture, adequately illustrates the chief stages 
in the development of the instrument; drawing and 
mathematical instruments, as well as many others 
(for example, a silver terrestrial globe of c. 1590), 
reveal the variety and beauty of the work of the 
craftsmen who, in London, Paris, Augsburg, Nurem- 
burg and elsewhere, have produced the tools of arts 
and sciences. 

The library presented to the University with the 
instruments falls into the following chief groups : 
classics in the progress of science, such as first editions 
of the “Principia” and Hooke’s “‘Micrographia” and 
of most of Boyle’s works ; books on the design and 
use of scientific instruments from the sixteenth 
century onwards, many of them scarce and little 
known ; and books by practical instrument-makers 
who, like George Adams and Benjamin Martin, 
thereby not only increased the market for their own 
wares, but also vastly encouraged the general cultiva- 
tion of science. Together the instruments and books 
offer a remarkably full conspectus of the history of 
science since the Renaissance, and a useful reminder 
that besides the drama of the revolutions in thought 
effected by a Newton, a Lavoisier or a Pasteur, it 
must not neglect the slow evolution of instruments, 
education and public understanding through which 
the present prestige of science has arisen. 

The work of unpacking and arranging the Whipple 
Collection was begun in 1948; but many disappoint- 
ments and difficulties caused by the present shortage 
of space in the University were met before the Museum 
was established at No. 14 Corn Exchange Street in 
the hope of better days to come. It has been greatly 
enriched by loans and gifts: Sir Lawrence Bragg 
has presented a collection of instruments dating from 
the early days of the Cavendish Laboratory, and the 
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collection of mathematical instruments bequeathed 
by the late Prof. A. Hutchinson; Trinity, Gonville 
and Caius and Pembroke Colleges have placed on 
loan historic scientific instruments some of which were 
used in the Trinity Observatory, founded in 1703. 
It is to be hoped that, as the Lewis Evans collection 
of sundials and astrolabes has formed the nucleus 
about which the history of science has grown up in 
Oxford, so in Cambridge Mr. Whipple’s benefaction 
will prove to have opened the way for an institution 
combining the functions of a museum and library 
which will be a similar centre for these studies. 


LAND SURVEY IN THE EAST 
AFRICAN GROUNDNUT SCHEME 


By Dr. JOHN PHILLIPS 
Chief Agricultural Adviser, Overseas Food Corporation 


HERE has been much comment about the lack 

of proper preparation before launching the East 
African groundnut scheme. It is freely acknowledged 
that there was lack of ecological planning in the early 
stages ; but it is not generally realized that a con- 
siderable amount of survey work has been done by 
the Overseas Food Corporation over the whole area 
at Kongwa, Urambo and the Southern Province, 
Tanganyika. 

Initially, the development commenced in Kongwa, 
where it was decided, in view of the apparently flat 
nature of the land, to divide the area prior to clearing 
the vegetation, by means of a square mile road grid 
which would act as a boundary to the fields of about 
640 acres each. Time did not permit adequate soil 
or ecological surveys to be made, nor were appro- 
priately trained personnel available. Some 100,000 
acres of land were then cleared of deciduous thicket 
over most of the area, except for housing sites and 
some of the steeper hill slopes, and conserved by a 
system of banks laid out on the contour. The felled 
trash was bulldozed on to these lines for burning. 
Experience has shown that several thousands of 
cleared acres are now considered definitely unsuitable 
for arable agriculture, while others have been left 
fallow, pending the development of successful 
economic agriculture on the remaining 24,000 acres 
being farmed on a field experimental basis. Con- 
servation works, most of which were put in after 
January 1949, when trained conservation staff became 
available, have proved adequate though not ideal 
under the limited rainfall experienced at Kongwa 

The Urambo region, 60 miles west of Tabora, in 
Western Tanganyika, was the next to be developed. 
Here a considerable amount of valuable preliminary 
work was done, notably a 1/50,000 reconnaissance 
soil and topographical map by Dr. D. R. Grantham, 
sometime chief geologist, Tanganyika, and a 1/10,000 
detailed topographical map by the Corporation sur- 
veyors. These maps formed the basis of the develop- 
ment plan and field demarcation. Large-scale 
clearing started at the end of 1948. Roads were laid 
out on the watersheds. A competent team of soil 
conservationists, trained in land-use ecology, de- 
marcated land for clearing, taking into account soils, 
vegetation, incidence of termites, water courses, sizes 
of fields, and soil conservation. 

The difference in appearance between Kongwa and 
Urambo is strikingly seen from the air: Urambo 
presents the appearance of farms naturally placed in 
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clearings in the 50-ft. tall Isoberlinia brachystegia 
woodland (‘“Miomho”’), covered by a network of roads 
on the watersheds, whereas Kongwa resembles a 
chess-board. In Urambo only about 50 per cent of 
the land has been demarcated for agriculture, the 
remainder being accounted for by roads, building 
sites, drainage lines, and areas high in incidence of 
termite mounds. Farm installations were sited, 
taking into account administrative control, health, 
access to water supply and communications. 

In Nachingwea, in the Southern Province, the last 
area to be developed, the land utilization technique 
employed has been even more refined and has 
entailed considerable use of up-to-date methods in 
aerial photography. Large-scale clearing commenced 
at the end of 1949, by which time a fair amount of 
ecological knowledge of the area had been accum- 
ulated by the conservation and ecological staff. 
Aerial and ground surveys were correlated, particular 
attention being paid to topography, vegetation, soil 
types and soil conservation. Suitable land was 
demarcated by aid of the interpretation of aerial 
photographs ; for such land, clearing plans were 
produced. Knowledge of the locality and the 
improved technique used meant that alteration of 
field boundaries was only occasionally needed after 
checking. 

In regard to the general climatic suitability of the 
areas selected for cropping, it can be shown that the 
local African population in all the areas concerned 
subsists on agriculture, growing groundnuts, maize, 
sorghum and millet under the prevailing climatic and 
soil conditions. The problem facing the Corporation, 
namely, the growing of crops under large-scale 
mechanized tropical agriculture, is a new one on 
which little information is available from official or 
private enterprise sources. 

It is well to point out that the stage has long 
passed when the development might have been 
termed haphazard. If and when tropical Africa is 
developed agriculturally, the development and crop- 
ping methods may well proceed along lines developed 
by the Overseas Food Corporation. I do not know 
of any equivalent area of country in Africa that has 
been as intensively surveyed for land-use, demarcated 
and mapped as that covered by the Corporation's 
areas at Kongwa, Urambo and the Southern Province. 
It is hoped to publish in due course accounts of 
the methods employed in the ecological, soil 
conservation and land-use surveys mentioned above. 


HAIRS, MUSCLES AND 
BACTERIAL FLAGELLA* 


By Pror. W. T. ASTBURY, F.R.S. 


HIS story has its beginnings in an X-ray dif- 
fraction study, more than twenty years ago, of 

the molecular structure of wool and other mammalian 
hairs, when it was discovered that their remarkable 
long-range elasticity comes about by a reversible 
unfolding of the polypeptide chains of the protein 
‘keratin’: the normal unstretched form was called 
a-keratin and the stretched form §-keratin. A few 
years later it was shown that essentially the same 
molecular plan holds for the chief fibrous protein of 
muscle, ‘myosin’. Later still, it gradually transpired 
* Summary of a Friday Evening Discourse delivered at the Royal 
Institution on May 4. 
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that there is a whole family of fibrous proteins con. 
forming to the scheme: besides keratin and myosin, 
we recognize now the fibrous protein of the epidermis, 
epidermin ; the blood-clotting proteins fibrinog.n 
and fibrin; §chmitt’s paramyosin and Bailey's 
tropomyosin. They constitute what we call the 
‘k-m-e-f group’, and they are all characterized by t'1e 
folded «-configuration in their normal state and | vy 
the capacity of their polypeptide chains of being 
unfolded into the 8-configuration. 

The k-m-e-f group has another most important 
property in common which is the clue to the ultima‘e 
basis of muscle action. This is the property of 
‘supercontraction’ (first observed in hair keratin tht 
had been submitted to cross-linkage breakdown), by 
virtue of which the polypeptide chains can pass in‘o 
more highly folded {and therefore shorter) con. 
figurations than even that of the a-form. From the 
point of view of X-ray and supporting studies, tie 
contraction of muscle, for all its accessory com- 
plexity, is only a special manifestation of contractile 
properties common to all the members of the k-m-e-{ 
group. 

A natural aspiration throughout these investigu 
tions has been to try finally to reach down to the 
level of bacterial flagella, those minute, whiplike 
appendages that would appear to be as primitive 
examples of biological motility as could possibly have 
the power. The chance did not come, however, until! 
the end of the Second World War, when Gard, of 
Stockholm, showed how to collect large quantities 
of flagella simply by shaking them off the bacteria! 
bodies, then separating the latter by ordinary centri 
fugation and concentrating the supernatant by 
ultracentrifugation or other means. The supernatant 
was, in fact, a solution of fiagella behaving exactly 
like long thin macromolecules, and therefore at last 
inviting intensive examination by all kinds of avail 
able techniques. The task was sponsored by the 
Swedish Natural Science Research Council and 
undertaken by Tiselius and Weibull at Uppsala, and 
as part of the project Weibull brought to the 
University of Leeds some of his preparations of the 
flagella of Proteus vulgaris and B. subtilis for X-ray 
study. 

The X-ray diagrams of thin films of these two 
specimens of flagella are similar and are definitely of 
the type of the k-m-e-f group. Furthermore, on 
squeezing moist film between pieces of plate glass, 
the extended §-modification is produced. In the 
electron microscope individual flagella are seen to be 
about 120 A. thick, and, all things considered—the 
X-ray and general physico-chemical evidence com- 
bined—the conclusion is that they are effectively 
monomolecular hairs or muscles, that is, single 
molecules endowed with the capacity of rhythmic 
change of form. The movement is apparently a 
left-handed spiral wave of pitch characteristic of the 
bacterium, and it is probably activated from a ‘basal 
granule’ at the beginning of each flagellum inside 
the body. By analogy with other members of the 
k-m-e-f group, we must infer that there is a periodic 
transmission along the polypeptide chains of a change 
of state of folding. For example, in a loop system 
like that now established for the tropomyosin mole- 
cule, chain-folding p ing down one side and up 
the other could bring about side-to-side bending 
movements. That polypeptide chains in two different 
states of folding are present at one and the same 
time is demonstrated conclusively by the X-ray 
diagrams, which show not only the normal «-are but 
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also the ‘backbone reflexion’ in the ‘cross-8’ position 
on the meridian. Many diagrams of this kind have 
been obtained by Rudall in his studies of super- 
contraction in the k-m-e-f group, particularly in 
epidermin, and this finding above all leaves little 
room for doubt that we are dealing with fundament- 
ally the same molecular mechanism all the way from 
flagella to muscle. 

This does not mean, however, that the detailed 
activation process need be the same in every case. 
Weibull’s analyses of flagella, which show incidentally 
that they are not nucleo-protein, reveal practically 
no cystine, thereby indicating at least one striking 
difference from the muscle protein, myosin. 
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OBITUARIES 


Prof. Lawrence Crawford 


LAWRENCE CRAWFORD was born in Glasgow on 
March 14, 1867. He was educated at Glasgow High 
School, where he was a prizeman and medallist, and 
at the University of Glasgow, where he won the 
Metcalfe, Muir and Ferguson bursaries and obtained 
the degree of B.Sc. in 1886. 

In 1887 he entered King’s College, Cambridge, 
where he was a scholar and exhibitioner. There he 
won the Glynn and Richards Prizes and obtained 
first classes in Parts I and II of the Mathematical 
Tripos, being ranked fifth wrangler in 1891. In 1892 
he received an ‘honourable mention’ for the Smith's 
Prize and in 1893 he was made a Fellow of the 
College. For five years he lectured in mathematics 
at Mason College, Birmingham. In 1899 he was 
awarded the degree of D.Sc. of the University of 
Glasgow and in the same year was appointed to the 
chair of pure mathematics in the South African 
College, Cape Town. 

With the exception of the late Sir Carruthers 
Beattie, first principal of the University, no man 
did more than Crawford to bring about the changes 
which have since taken place. At his arrival, the 
College was one of the six constituent colleges of 
the University of the Cape of Good Hope. It had 
about two hundred students and eleven professors 
with five assistants. At the time of his death on 
April 4 of this year, the University of Cape Town 
had more than four thousand students, and the staff, 
full-time and part-time, numbered some five hundred. 

Crawford was in turn secretary to the Senate, 
vice-chairman of Senate, member of the College 
Council, and member of the University Council from 
its foundation in 1918 continuously until his death. 
He was more than once for short periods acting 
principal of the University, and as recently as 1949 
acting chairman of Council. He was a member of the 
South African Philosophical Society and of the 
South African Association for the Advancement of 
Science. Of the latter he was president in 1915-16. 
He was a Foundation Fellow and member of the 
Council of the Royal Society of South Africa, served as 
treasurer from the inception of the Society in 1908 
until 1936, and as president from 1936 until 1941. 

Crawford retired from his chair at the age of 
seventy, but the sphere of his interests became, if 
possible, even wider. Always a lover of music, he 
was a staunch supporter of the municipal orchestra, 
and for the last six years of his life served on the 
Cape Town City Council. He died suddenly while 
returning from a public meeting. 
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In 1903 he married Miss Annie Spilhaus, who, with 
his three sons and two daughters, survives him. 
S. SKEwes 


Prof. Jan Hirschler 


THE death occurred on January 3 at Gdansk- 
Wrzeszer of Prof. Jan Hirschler, the well-known 
Polish cytologist. 

Hirschler was a professor at the University of 
Lwow, and I believe was a pupil of F. Meves. He is 
known in Great Britain particularly for his work on 
the germ cells of Mollusca, Ascidia, Nematoda, 
Insecta and the cytoplasm of Protozoa. He it was who 
first described the Golgi apparatus of sponges and 
sporozoans, and his studies on the oogenesis of 
ascidians, the development of Mollusca, and the 
spermatogenesis of moths, established his reputation. 
He alone gave satisfactory accounts of the fusome 
in invertebrate spermatogenesis. 

During the Second World War, Hirschler fled from 
Poland as the Russians approached, and left Germany 
for Austria when the Russian armies overran Eastern 
Germany. He practically starved in Vienna, efforts 
by a friend to send him money proving abortive. 
He left Austria in 1948, where he lived for a time in 
great poverty in a refugee camp. In January 1950, 
after his return to Poland, he obtained employment 
in the Institute of Tropical Medicine at Gdansk 
Academy. His last work was on the fusome, three 
of his papers being still unpublished. While most of 
his researches were done alone, he published a few 
papers with his wife Zofia, and with Dr. L. Monné. 

Cytologists will look forward to the publication of 
his work on the fusome. J. Bronté GAaTENBY 


Sir Cyril Ashford, K.B.E., C.B., M.V.O. 


By the death on April 29 of Sir Cyril Ashford, the 
Royal Naval College, Dartmouth, loses its first head- 
master and the Science Masters’ Association its first 
treasurer and secretary. Ashford was educated at 
St. Edward’s School, Birmingham, and Trinity 
College, Cambridge. Before his headmastership of 
Dartmouth (1905-27) Ashford had taught science at 
Clifton and at Harrow. During his career he had 
seen the Science Masters’ Association become, from 
small beginnings, a great and influential body, 
and he himself had notably contributed to this 
advance. By 1937, when he became its president, he 
had lived to see the attitude of authority towards 
science in education pass from contemptuous tolerance 
to one of respect for its vital importance; and he 
had done much to bring about the change. For, 
against much opposition and after many battles, he 
revolutionized the science teaching at Harrow, 
created the science sides of two great schools (Osborne 
and Dartmouth), wrote text-books and articles (the 
last of these when he was aged eighty-three) and, 
above all, inspired younger men with his missionary 
zeal. Among these were Archer Vassall, C. L. Bryant 
and A. W. Siddons, all prominent members of the 
Science Masters’ Association. His presidential 
address was delivered in the troubled and critical 
days of 1938. He urged teachers not to crystallize 
schemes of study but to nurture a dynamical attitude 
towards them, and ever strive for a presentation of 
science fitting for the future citizens of a great 
nation. His death deprives us of a science master 
of the finest type. G. Fow.es 
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Economic Botany in Australia: 
Dr. B. T. Dickson 


Dr. B. T. Dickson has recently retired after more 
than twenty-three years as chief of the Division of 
Plant Industry of the Commonwealth Scientific and 
Industrial Research Orgenization, Australia. Dr. 
Dickson is Canadian by birth, and prior to going to 
Australia he had been professor of plant pathology 
and professor of economic botany in McGill Univer- 
sity. During the First World War he held a com- 
mission in the Canadian Expeditionary Force and 
after the War was commandant of the First British 
Army School of Agriculture in France. He went to 
Australia at the end of 1927 to form the Division of 
Plant Industry, being appointed its first chief. Under 
his leadership it has grown into @ major research 
institute with headquarters at Canberra and with 
branch laboratories and field stations at many points 
throughout Australia, including Brisbane, Armidale, 
Deniliquin and Perth. Its personnel now number four 
hundred, including more than seventy research staff. 
The work of the Division covers a wide range of 
plant problems with application to many aspects 
of the primary industries. Special attention is being 
paid to pasture research in view of the great import- 
ance of pastures in Australian agriculture. Dr. 
Dickson was president of the Australian Institute of 
Agricultural Science during 1945-47. 


Fleet Scientific Officer : Mr. R. J. Gossage 


Mr. R. J. GossaGe, a principal scientific officer in 
the Royal Naval Scientific Service, has been appointed 
fleet scientific officer to the Commander-in-Chief, 
Home Fleet. The appointment is significant in that 
it reflects the Admiralty’s determination to strengthen 
the link between scientific work and the Royal Navy, 
to ensure that science plays its full part in operational 
planning. Mr. Gossage, who was educated at Notting- 
ham and Cambridge, is by training a physicist. 
During the early part of his career, while in the 
service of the Anglo-Iranian Oil Company, he assisted 
in a number of geophysical surveys, by both seismic 
and gravitational methods, in the Middle East; he 
also carried out Eétvés torsion balance surveys over 
considerable areas in the Punjab and in North-east 
India. His work in the Royal Naval Scientific Service 
has been mainly connected with magnetic and 
electromagnetic problems in relation to ships, 
torpedoes and mines. Early in the War he was a 
member of Dr. E. C. Bullard’s team then engaged in 
the rapid development at high pressure of counter- 
measures to the German magnetic mine ; during this 
period he contributed to the process of assembling 
and interpreting the data required in order to estab- 
lish the relevant magnetic parameters of ships and 
the validity of various degaussing processes. After- 
wards he was concerned with investigations connected 
with the further development of degaussing processes 
and techniques, and with methods of field and flux 
measurements beneath ships, model ships magnetic- 
ally to seale being used ; these model ships were also 
used in the study of actuation problems of proximity 
fuses, particularly of torpedoes, mines, etc. He hes 
also assisted in certain fundamental investigations 
into the propagation of low-frequency electro- 
magnetic waves in the sea, the study being par- 
ticularly concerned with the effect of the sea/air 
boundary at the surface. 


June 2, 1951 


J. A. d’Arsonval (1851-1940) 

JaCQUES ARSENE p’ARSONVAL, the ‘Father of 
Electrotherapy’, was born a century ago, on June 8, 
1851, at Chateau de la Borie. Though he began 
studying medicine reluctantly, in deference to the 
wishes of his father, a country practitioner, he soon 
acquired an enthusiasm for experimental research 
under the guidance of Claude Bernard. After obtain 
ing his medical degree at the age of twenty-six, he 
continued to work with Bernard, and afterwards with 
Brown-Séquard. His great contribution to medicine 
was the application, following his researches into the 
effects of galvanic currents on excitable tissues, of 
high-frequency electricity as a therapeutic agent for 
the production of endogenous heat within tissues. 
The term ‘D’Arsonvalization’ was officially adopted 
in 1913 by the International Congress of Physio 
therapy to designate these applications of high- 
frequency currents. D’Arsonval was also the first to 
advocate the treatment of electric shock by artificial 
respiration. He is noted in physics for being the first, 
in 1882, to make a moving-coil mirror galvanometer. 
His inventive genius was also responsible for the 
remarkable ‘calorimétre-4-compensation’ and for an 
early design of incubator. A small, mild-mannered 
man with an impressive drooping moustache, 
d’Arsonval was indifferent to priority claims and 
sought no honours, though he received many. He 
was president of the Paris Academy of Sciences for 
the year 1917. The October 1933 issue of the Journal 
de Radiologie was a d’Arsonval jubilee number. His 
death at Nogent-sur-Marne in occupied France on 
the last day of 1940 passed almost unnoticed in 
Great Britain. 


Linnean Society of London: Anniversary Meeting 


At the anniversary meeting of the Linnean Society 
of London held on May 24, H.M. Gustaf VI Adolf, 
King of Sweden, was elected an honorary member. 
H.E. the Swedish Ambassador, who was present, 
said that he had been instructed by H.M. King 
Gustaf Adolf to express his warm appreciation and 
thanks for having been called to become an honorary 
member and to say how much he regretted not being 
able to be present at the meeting. The Linnean 
Gold Medal was awarded to Dr. Theodor Mortensen, 
of Copenhagen, and was received by the Counsellor 
of the Danish Embassy for transmission to Copen- 
hagen. The following were elected officers of the 
Society for the session 1951-52 : President, Prof. F. E. 
Fritsch ; 7Treasurer, Colonel F. C. Stern ; Secretaries, 
(Zoology), Dr. A. Tindell Hopwood, (Botany) Dr. 
George Taylor. The new Members of Council elected 
were: Mrs. F. L. Balfour-Browne, Mr. Alan Fisk, 
Mr. H. R. Hewer, Dr. B. M. Hobby, Prof. F. W. 
Jane and Mr. Patrick M. Synge. Prof. Bertil Han- 
strém, of the Zoological Institute, Lund, and Prof. 
Lorenzo Raimundo Parodi, of the University of 
Buenos Aires, were elected foreign members of the 
Society. 

Paris Acaderhy of Sciences: Elections 


Tue following have been elected correspondants for 
the Divisions of Membres libres and of the Application 
of Science to Industry of the Paris Academy of 
Sciences: Prof. M. Dehalu, formerly professor of 
astronomy, geodesy and the calculus of probabilities, 
University of Liége, in succession to Prof. G. Dupouy, 
elected non-resident member ; Dr. Irving uir, 
associate director of the Research Laboratory of the 
General Electric Co., Schenectady, N.Y., in succession 
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to the late Prof. G. Denigés ; Prof. K. M. G. Siegbahn, 
director of the Nobel Institute for Physics, Stock- 
holm, in succession to Sir C. V. Raman, elected 
foreign associate; and Prof. Arne Westgren, pro- 
fessor of chemistry, University of Stockholm, in 
succession to the Rev. P. Teilhard de Chardin, elected 
non-resident member. 


Progress in Fat Chemistry during 1900-50 


In the third Leverhulme Memorial Lecture to the 
Society of Chemical Industry (Chemistry and Industry, 
154; 1951), Prof. T. P. Hilditch, Campbell Brown 
professor of industrial chemistry in the University of 
Liverpool, dealt with progress in fat chemistry during 
the period 1900-50, pointing out that this owed much 
to the interplay between industrial advances and 
academic research. Progress has been very note- 
worthy in this period. At the present time the 
structures of some fifty naturally occurring unsatur- 
ated acids, and the exact proportions of each of the 
mixed fatty acids of all fatty oils and natural fats 
used industrially, are known. Prof. Hilditch referred 
to the importance of the process of hardening liquid 
oils by hydrogenation as one of the earliest large- 
scale applications of a catalytic process. The different 
behaviour of hardened fats in soap-making as com- 
pared with natural fats, which was discovered 
empirically, has a scientific foundation. The relation 
between the fat in vegetable seeds or animal tissues 
and the natural species, and the mode of assembly 
of fatty acids into triglycerides, were dealt with in some 
detail in the Lecture, and these show many interesting 
features. Human milk fat is more akin to soft 
margarine than to cow butter fat. The question of 
rancidity in fats has received attention. Prof. 
Hilditch mentioned that processes used in the 
laboratory, such as the separation by solvents, might 
later on find technical applications. The Lecture 
gave @ detailed and balanced picture of modern 
knowledge of oils and fats which should be of much 
interest both to chemists and biologists. 
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Safety in the Use of Explosives in Coal Mines 


Fottowrne the explosion at the Whitehaven 
William Colliery in 1947, the Chief Inspector of 
Mines, who conducted the formal inquiry, made 
certain general and specific recommendations with 
regard to shot-firing. . These recommendations in- 
volved further amendments to the Explosives in 
Coal Mines Order, and the Minister of Fuel and 
Power decided that the whole field of safety in 
relation to the use of explosives in coal mines should 
be reviewed. A committee, representing all sides of 
the industry, with Mr. A. M. Bryan, chief inspector 
of mines, as chairman, was accordingly set up by 
the Minister in January 1948, and its report was 
published last year (pp. 52; London: H.M. Stationery 
Office, 1950; 1s. 6d. net). The committee’s delibera- 
tions are described under two headings, general 
considerations and a review of the provisions of the 
Order. A number of recommendations of a general 
character are set out in summarized form in an 
appendix. A second appendix outlines a proposed 
new Explosives in Coal Mines Order, and a third 
lists some of the points which it is suggested should 
be covered in a ‘Code of Good Practice’ to be issued 
to the coal mine industry. The committee, though 
its terms of reference were confined to consideration 
of the use of explosives in coal mines, offers the 
suggestion that the different conditions and methods 
of work in mines of stratified iron-stone, shale and 
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fireclay make it desirable to draw up separate 
Explosives Orders for these classes of mines. 


International Bulletin of Bacteriological Nomenclature 

and Taxonomy 

THE organization of the International Committee 
on Bacteriological Nomenclature, established at the 
first International Congress for Microbiology at Paris 
in 1930, was developed at subsequent meetings and, 
at the Congress held in Rio de Janeiro in 1950, the 
duties of the International Committee and of the 
Judicial Commission selected from its members were 
more fully defined. An editorial board was created, 
with the function of publishing details of the official 
actions of the Congresses, the Committee and the 
Commission. For this purpose, an International 
Bulletin of Bacteriological Nomenclature and Taxonon.y 
is to be published quarterly (annual subscription 2 
dollars, payable to the International Microbiological 
Fund and sent to Prof. R. E. Buchanan, Curtiss Hall, 
Iowa State University, Ames, Iowa). It is hoped 
that this Bulletin will contribute to the stabilization 
of nomenclature by serving as a medium for dis- 
cussion between those concerned in naming and 
classifying bacteria. It will include amendments to the 
Bacteriological Code of Nomenclature and reports of 
the various subcommittees set up to study problems 
of taxonomy of certain groups of micro-organisms. 
An important function of the Bulletin will be to record 
the official opinions of the Judicial Commission 
concerning ‘problems of nomenclature. In the first 
number of the Bulletin, which has just been pub- 
lished, two opinions are issued and details are given 
of forty-five further problems upon which an opinion 
has been requested. The Commission will prepare a 
preliminary statement about each of these problems 
and invites comments and suggestions from inter- 
ested persons. Papers reporting the results of 
scientific experiment will not be published in the 
Bulletin. The editorial board consists of Prof. R. E. 
Buchanan of Iowa (chairman of the Commission) 
and the permanent secretaries, Prof. R. S. Breed, 
6 Sunset Drive, Geneva, N.Y., and Dr. 8. T. Cowan, 
Central Public Health Laboratory, Colindale Avenue, 
London, N.W.9. 


Corrosion Group of the Society of Chemical 
Industry 


Tse Council of the Society of Chemical Industry 
has approved the formation of a new subject group 
of the Society, to be called the “Corrosion Group”’. 
This is intended to fill the need for a scientific society 
in Great Britain to deal with the study of corrosion 
and its prevention, which is now of recognized 
technical and economic importance in many indus- 
tries. The inaugural meeting of the Group, of which 
the chairman-designate is Dr. W. H. J. Vernon, was 
held on May 17 at the Royal Institution, when the 
president of the Society of Chemical Industry, Mr. 
Stanley Robson, presided over a large audience. The 
inaugural address was given by Dr. U. R. Evans, 
reader in the science of metallic corrosion in the 
University of Cambridge. Taking as his title “The 
Corrosion Situation, Past, Present and Future”’, 
Dr. Evans described corrosion as one of the major 
problems of the day, the solution of which would 
affect the chances of maintaining a high standard of 
living. Shortage of metals must be met not merely 
by increasing supply but also by reducing wastage, 
and in this field the trained worker in the field of 
corrosion has an important part to play. There is a 
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genuine need for corrosion specialists to-day, and 
when this need is realized by those in authority a 
demand is likely to arise for which no adequate supply 
exists in Great Britain. Dr. Evans gave examples 
from past work of the value of applying established 
scientific principles to the elucidation of corrosion 
problems. Much more remains to be done, and he 
said that the formation of the Corrosion Group marks 
a forward step of outstanding importance. 


Birds of Trinidad and Tobago 

ALTHOUGH several works describing the birds of 
the West Indies have been produced, none of them 
has dealt adequately with the birds of Trinidad and 
Tobago. The most comprehensive ornithological 
account of Trinidad and Tobago was that by Sir 
Charles Belcher and G. D. Smooker. Their work, 
however, was mainly concerned with nesting habits 
and not with descriptions of birds; it appeared in 
<opies of the Jbis between 1934 and 1937 and is now 
difficult to obtain. To fill the gap, Father Raymund 
Devas has prepared a handbook of Trinidad and 
Tobago ornithology (‘‘Visitors’ Book of Birds’’) under 
the general headings of sea birds, birds of the land 
and some water birds. The descriptions are inter- 
spersed with light-hearted commentary which indicates 
the author’s enthusiasm and keen interest in birds. 
In the absence of an agent in Great Britain, Mr. 
William J. Tull, of 96 Knightsway, Leeds, is acting 
as the medium for sales. 


British Instrument Industries’ Exhibition 

In the past, the various sections of the scientific 
instrument industry of Great Britain have exhibited 
their products under the egis of a variety of organiza- 
tions. Thus the Physical Society has fostered an 
exhibition, the background of which has been the 
immediate application of current scientific knowledge 
to instrument design ; at the British Industries Fair, 
the Scientific Instrument Manufacturers’ Associa- 
tion has organized a sectional exhibit of instruments, 
partly scientific and partly industrial ; and sections 
of the industry have organized displays at the various 
industrial exhibitions. At the suggestion of the De- 
partment of Scientific and Industrial Research, it was 
thought appropriate, during this Festival year, to stage 
a comprehensive scientific instrument exhibition, 
covering every aspect of British scientific instrument 
manufacture. Five manufacturers’ associations, 
generally known by their abbreviated titles of 
S.1.M.A., B.E.A.M.A., B.1.M.C.A.M., D.O.M.M.D.A. 
and B.L.S8.G.M.A., have collaborated in staging, for 
the first time, a British Instrument Industries’ 
Exhibition, which will take place at the National 
Hall, Olympia, during July 4-14. This will be the 
largest instrument exhibition ever held in Great 
Britain and will provide every user of instruments, 
whether he be concerned with research, testing, pro- 
cess control, or the teaching of science, with an 
opportunity of surveying the entire field of the use 
of instruments in our modern age. 


International Radio Consultative Committee : 

Plenary Assembly in Geneva 

THE sixth plenary assembly of the International 
Radio Consultative Committee (C.C.1.R.) will be held 
in Geneva during June 5—July 6. This meeting 
follows the previous assembly held in Stockholm 
in 1948 (see Nature, 163, 493 ; 1949) for the discussion 
of various technical problems on which recommenda- 
tions are required to be submitted to the International 
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Telecommunications Union. The work of the Com. 
mittee is divided among thirteen study groups which 
were set up at Stockholm to deal with such subjects 
as radio transmitters and receivers, propagation along 
the ground and through the troposphere and iono-. 
sphere, broadcasting and television, time signals and 
standard frequencies. In view of the international 
nature of radio communication, navigational aics 
and similar services, it is very desirable that there 
shall be general understanding, and, so far as possible, 
agreement on the technical features of the various 
systems and their capabilities, in order to secure the 
most efficient and economical use of the portions of 
the radio-frequency spectrum involved. Some of the 
subjects concerned are of considerable scientific 
interest, particularly in the fields of wave propaga 
tion, atmospheric and extra-terrestrial noise, and of 
standards and measurements; and in such cases 
adequate liaison arrangements have been established 
between the Committee and the Internationa! 
Scientific Radio Union (U.R.S.1.). In the case of 
Committee meetings, the United Kingdom delegation 
is formed under the auspices of the General Post 
Office, which is the administration responsible for 
telecommunications in Great Britain. 
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Second International Gerontological Congress 


TxeE Second International Gerontological Congress, 
sponsored by the International Association of 
Gerontological Societies, the Gerontological Society, 
Inc., and the American Geriatrics Society, will be 
held at the Hotel Jefferson, St. Louis 3, Missouri, 
during September 9-14. The programme is divided 
into four sections, each under a director, as follows : 
(1) biology and medicine, J. E. B. Kirk, Department of 
Gerontology, Washington University Medical School, 
5600 Arsenal Street, St. Louis 9, Mo.; (2) sociology, 
psychology, education and religion, Dr. R. J. Havig- 
hurst, Committee on Human Development, University 
of Chicago, Chicago 37, Ill. ; (3) economics and wel- 
fare, Prof. E. E. Witte, Department of Economics, 
University of Wisconsin, Madison, Wis. ; (4) medical 
services, hygiene and housing, Dr. J. W. Mountin, 
associate chief, Bureau of Medical Services, U.S. 
Public Health Service, Washington, D.C. Dr. A. I. 
Lansing, Department of Anatomy, Washington 
University Medical School, 660 South Kingshighway, 
St. Louis 10, Mo.; is the chairman of the committee 
on exhibits. 


Society for the Bibliography of Natural History 


THE annual general meeting of the Society for the 
Bibliography of Natural History was held in London 
on April 9 in the rooms of the Linnean Society. It 
was reported that the Society has had a successful 
year, and it is hoped to issue shortly, as part of the 
Journal of the Society, a bibliography of the Isoptera 
(1758-1949), by Francis Griffin. The following officers 
were elected: President, Dr. J. Ramsbottom ; 
Honorary Secretary and Treasurer, A. C. Townsend, 
British Museum (Natural History), London, 8.W.7 ; 
Committee, A. G. Davis, W. N. Edwards, Dr. F. C. 
Fraser, F. J. Griffin, W. T. Stearn and C. Kirke Swann. 


Queen’s University of Belfast: Appointments 


C. F. Carter, at present director of studies in 
economics at Emmanuel College, Cambridge, has 
been appointed to the chair of applied economics in 
the Queen’s University of Belfast; Mr. Carter is 
joint editor of the London and Cambridge Economic 
Service and is in charge of the British Economic 
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Statistics project of the National Institute of 
Economic and Social Research. The following have 
been appointed lecturers in the University: J. 
Preston (geology, with special reference to petrology) ; 
Dr. R. Henstock (mathematics); R. A. D. Egerton 
and J. 8S. Fforde (economics). 
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University of Birmingham 

Dr. A. E. Duncan-JoNES has been appointed to 
succeed Prof. L. J. Russell as professor of philosophy 
in the University of Birmingham ; Dr. Duncan-Jones 
is at present lecturer in the University. The following 
have been appointed lecturers in the subjects indi- 
cated : J. R. Gibson (zoology), K. Butler (chemistry), 
A. P. Garrett (geology). The following have resigned 
from the University: Dr. R. L. Whitmore, lecturer 
in coal treatment, on appointment as head of the 
Mechanical Sciences Department, Ferodo, Ltd. ; 
G. L. Hatherley, lecturer in metal mining, on 
appointment to the Rhokana Corporation, Ltd., 
Northern Rhodesia. 


University of London!: Appointments 

Tue following appointments in the University of 
London have been made: Dr. M. J. 8S. Dewar, to 
the University chair of chemistry tenable at Queen 
Mary College from October 1; Dr. Christoph von 
Furer-Haimendorf, to the University chair of Asian 
anthropology tenable at the School of Oriental and 
African Studies from October 1; Dr. Harry Butier, 
to the University readership in anatomy tenable at 
St. Bartholomew's Hespital Medical College from 
October 1. 


Royal Society of South Africa: Officers for 1951 


TxE following have been elected to the Council for 
1951 of the Royal Society of South Africa: President, 
Prof. R. W. James ; Honorary Secretary, Prof. W. J. 
Talbot ; Honorary Treasurer, N. Sapeika; Acting 
Editor of Transactions, A. M. Talbot; Honorary 
Librarian, Prof. E. Newbery; Other Members of 
Council, Prof. J. H. O. Day, Prof. W. E. Isaac, Prof. 
W. Pugh, Prof. D. L. Scholtz, 8S. H. Skaife, Prof. 
J. L. B. Smith, Prof. C. J. v. d. Horst, Prof. F. 
Walker and C. L. Wicht. 


Colonial Service: Recent Appointments 

TxE following appointments in the Colonial Service 
have recently been announced: D. H. Brown 
(assistant director of agriculture, Nigeria), regional 
deputy director of agriculture (supernumerary), 
Nigeria ; H. W. Dougall (agricultural chemist, Sierra 
Leone) and J. L. Greig (State agricultural officer, 
Sierra Leone), pasture research chemists, Agricultural 
Department, Kenya; FE. Williams (agricultural 
officer, Uganda), assistant director of agriculture, 
Nyasaland; E. G. N. Greaves (deputy government 
chemist, Trinidad), government chemist, Trinidad ; 
A. E. Kerr (assistant government chemist, Trinidad), 
deputy government chemist, Trinidad ; E. J. Shrub- 
shall (conservator of forests, Feuoration of Malaya), 
deputy director of forestry, Federation of Malaya ; 
M. L. Webber (senior assistant conservator of forests, 
Federation of Malaya), conservator of forests, 
Federation of Malaya; D. A. Bates (deputy director 
of the Geological Survey, Gold Coast), director of the 
Geological Survey, Gold Coast; W. H. Reeve 
(engineer geologist, Kenya), chief geologist, Northern 
Rhodesia ; D. A. Fletcher (senior forester, Tangan- 
yika), superintending forester, Tanganyika; A. D. 
Mercer (weed control officer, Fiji), agricultural officer, 
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Fiji; R. B. Sileock (agricultural assistant, Tangan- 
yika), superintendent of agriculture, Tanganyika ; 
H. M. Thompson (senior laboratory assistant, 
Jamaica), agricultural chemist. Jamaica; A. E. 
Weirich (agricultural assistant, Tanganyika), super- 
intendent of agriculture, Tanganyika; D. P. Allan, 
agricultural officer, Tanganyika; H. Bailey, agri- 
cultural officer, Gambia; Miss M. M. Sheahan, 
veterinary research officer, Nigeria ; RK. W. Crosskey, 
entomologist, Nigeria; V. T. Hinds, fisheries officer, 
Somaliland Protectorate; R. J. Streets, assistant 
conservator of forests, Cyprus. 


“Classification of the Coli-Aerogenes Bacteria’’ 


A REPORT on the classification of the coli-aerogenes 
bacteria is mer:tioned in Nature of May 19, p. 799. 
Copies of this report can be obtained from the 
treasurer of the! Society for Applied Bacteriology, 
T. E. Bashford, The Metal Box Co., Ltd., Kendal 
Avenue, Westfields Road, Acton, London, W.3, and 
not from the general secretary of the Society for 
General Microbiology as stated. 


Announcements 

Dr. L. E. CamPpseEtt, director of research of the 
British Food Manufacturing Industries Research 
Association, has been appointed food technologist 
to the United Nations Food and Agriculture Organ- 
ization, Rome. Dr. F. H. Benfield, deputy director of 
the Research Association since 1948, has been ap- 
pointed director. 

Dr. K. R. Atxrss, of the Royal Society Mond 
Laboratory, Cambridge, has been appointed associate 
professor of physics in the University of Toronto and 
will take up his duties in September. 

THE following appointments have recently been 
made in the Department of Physical Metallurgy, 
University of Sheffield: Dr. R. W. K. Honeycombe 
to be senior lecturer; Dr. G. B. Greenough and Dr. 
D. W. Wakeman to be lecturers. 

Four postdoctorate fellowships, for the study of 
trace elements in the soil, tenable at the McCollum— 
Pratt Institute, Johns Hopkins University, have 
been awarded to the following for study as indicated : 
E. J. Johnson Fellowship, Dr. D. J. D. Nicholas, 
plant physiologist, of the Plant Nutrition Institute, 
University of Bristol (trace-element deficiency and 
the enzyme construction of plants); C. F. Kettering 
Fellowship, Dr. Ronald Moss, plant physiologist, of 
Iowa State College (trace-element deficiency and 
amino-acid metabolism); McCollum-Pratt Fellow- 
ships, Dr. Lazarus Astrachan, physiological chemist, 
of Yale University, and Dr. Leonard J. Zatman, bio- 
chemist, of the Research Institute of Montreal General 
Hospital, Canada (phosphorus as a trace element). 


TueE Société Francaise de Métallurgie will hold its 
annual “Journées métallurgiques d’Automne”’ in 
Paris during October 22-27. The meeting will be 
run on similar lines to that arranged last October, 
when a large number of specialists from other 
countries presented papers. Those interested are 
invited to write to the Société Francaise de Métal- 
lurgie, 5 Cité Pigalle, Paris 9°. 

Messrs. CHAPMAN AND Hatt, L1Tp., are sole agents 
in the British Empire for the Thomas William Salmon 
Memorial Lectures. One of these Lectures, “Cell 
Growth and Cell Function”, by Prof. T. O. Cas- 
persson, was reviewed in Nature of May 12; the 
English price is 28s. net. 
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COUNCIL FOR THE PROMOTION OF FIELD STUDIES 
4. JUNIPER HALL FIELD CENTRE 


June 2, 1951 VoL. 167 


By G. E. HUTCHINGS 
Warden 


UNIPER HALL Field Centre, on the Box Hill 


Estate of the National Trust, is in the heart of 


one of the best-preserved portions of the North 
Downs of Surrey. The Centre gives immediate access 
to large tracts of natural chalk downland. It is 
also within easy reach of representative areas of the 
western Weald and the middle part of the London 
Basin. The whole district is one of great geographical 
diversity which has for many years enjoyed a high 
reputation as a training ground in geographical and 
geological field-work. The recent establishment in 
the area of a residential centre which offers facilities 
for tuition and laboratory work has greatly increased 
the use of this countryside for instruction and 
research. In planning the Field Centre, special pro 
vision has been made for work in the biological 
sciences. The diversity of natural vegetation in the 
district and the great extent of preserved but access- 
ible country provide exceptional conditions for 
ecological studies. 

In order to meet the great demand for courses of 
instruction in field-work, the aecommodation at the 
Centre and the services of the resident staff have 
hitherto been used mainly by students in organized 
groups from schools, training colleges and university 
departments. For reasons of economy it has been 
necessary to favour the repetition of courses for large 





Juniper Hall Field Centre, Headley Valley 


numbers of school and college students and, for 
the time being, to restrict the more specialized or 
advanced courses which would attract only small 
numbers. When the Centre was first opened throe 
years ago, it was thought that most of the instructior 
for school and college students would be given 
their own teachers, with only occasional help fro: 
the resident staff. University classes do usua 
work in this way; but school and training colleze 
groups are rarely so independent. As a result o 
their teaching commitments at the Centre, momber 
of the resident staff are not yet able to devote as 
much time as they would wish to research or to 
preparation for more advanced instruction. 
Geography courses at the Centre, usually of a 
week’s duration, are planned to cover a variety of 
physical, ecological and human studies in the 
country of the western Weald and adjoining terri 
tories. The time is divided between eonducted field 
excursions and periods for practical work carried out 
by the students individually or in small groups 
Their assignments involve observation, mapping and 
drawing relevant to geographical landscape inte: 
pretation. Special studies of physical phenomena, 
bio-geography, historical or economic subjects are 
included in the range of practical work, the results 
contributing to a general regional picture. Sixth-form 
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pupils and university students on the whole are given 
&@ more extended excursion programme than training- 
college students. The latter usually favour con- 
centration on practical work, such as simple ecological 
studies or surveys leading to the interpretation of the 
human settlement pattern. Most of the geography 
students who come to the Centre have never studied 
rocks and soils in the field. Elementary geology and 
the technique of soil examination are therefore 
usually introduced into the geography courses. 
Instruction in surveying and map-making is also 
sometimes given. 

Courses in biological field-work at Juniper Hall 
have proved that terrestrial habitats are not, as it 
is sometimes said, too complex to be of value in 
teaching ecology. In the country around the Centre, 
contrast in the vegetation cover is clearly related to 
soil types derived from the main rock divisions 
(Chalk, Lower Greensand and Weald Clay) and from 
the varied superficial deposits of the plateaux and 
valleys. Within short distances of each other in this 
region there are sites revealing excellent profiles of 
rendzinas, podsols and brown earths, each associated 
with characteristic plant communities. The latter are 
easily recognized and admit of descriptive survey 
and mapping. At the same time, they present many 
problems in natural and controlled ‘succession’. The 
pattern of animal life in the region, especially that of 
insect distribution, is much more complicated than that 
of, say, a littoral tract with its maritime hinterland. 
In the present state of our knowledge and of zoo- 
logical training, the animal ecology of the less com- 
plex maritime and aquatic habitats is altogether 
more familiar than the ecology of inland terrestrial 
habitats. There are good reasons, however, for 
demonstrating to students the complexity of life in 
inland areas and for experimenting with new methods 
of studying it. The contrast between the rich faunas 
of the Chalk and Weald Clay terrains, and between 
these and the more limited fauna of the Greensand 
country, is itself a sufficiently striking phenomenon 
to use as a basis of ecologicai teaching at the Field 
Centre. 

So far, only a few students have come to Juniper 
Hall to work independently of the regular courses ; 
but there is promise of an increasing number of 
scientific workers, amateur and professional, who will 
come to regard the Field Centre as a base for their 
research in the region. Unless, indeed, there is a body 
of workers in fairly continuous contact with the 
Centre, only a limited range of long-term studies in 
the region can be undertaken. For students attending 
short courses of instruction it is not a difficult matter 
to set problems of geographical or ecological interest 
for their investigation ; but the results obtained are 
rarely reliable and serve only to suggest lines of more 
exacting research. It is seldom possible, and certainly 
not fair to the students, to use their time during 
these short visits for the routine work of large 
research projects. It is nevertheless interesting to 
record at least one example of a useful investigation 
carried out by a group of visiting students from the 
Botany Department of the University of Manchester. 
Their work was a vegetation reconnaissance of about 
three-quarters of a square mile of preserved Chalk 
downland between Juniper Hall and the escarpment 
at Box Hill. The distribution of a large number of 
forest, scrub and sward communities was mapped on 
the scale of 1/2,500, and various research problems 
arising out of the observational work were proposed, 
mostly relating to the process of succession. This 
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and other studies of plant ecology in the region have 
suggested the desirability of experimenting in this 
part of the North Downs and adjacent parts of the 
Weald and the London Basin with a scheme of prim- 
ary survey of vegetation and land use, recorded on 
6-inch scale maps and, like the official Geological 
Survey maps, suitable for reproduction on smaller 
scales. 

The staff of the Field Centre have a number of 
regional research projects in view. Some of these 
were discussed at the 1949 meeting of the British 
Association. Although these have remained largely 
matters of contemplation, there is immense com- 
pensation for the delay in setting them afoot in the 
extent to which the facilities of the Centre have been 
used as a means of training. Hundreds of students 
and, what is perhaps more important, many practising 
teachers, have learnt new methods of scientific study 
in a region which, besides its other uses and amenities, 
may be regarded as one of the best equipped out-of- 
door laboratories in Britain. 


APPLIED PHYSICS AS A 
UNIVERSITY STUDY 
A NEW DEGREE COURSE AT MANCHESTER 


By Dr. H. LIPSON 
College of Technology, Manchester 


UCH has been written, in these columns and 
elsewhere, about the place that should be 
occupied by the teaching of applied science in the 
educaticnal system of Great Britain. Although there 
appear to be problems on which general agreement 
cannot be obtained, one fact is unquestioned—that 
there is a shortage of the type of person who can 
translate the discoveries of science into practical 
applications. Such persons must have a standard of 
attainment at least equal to that of a university 
graduate; but they must, in addition, have khowledge 
of the considerations that attend the development of 
a scientific principle into devices of practical value. 
A contribution towards the solution of this problem 
is being made by the establishment, subject to the 
approval of the Council and the Court of Governors, 
of a degree course in applied physics in the Faculty 
of Technology of the University of Manchester. This 
course, which is to start in October, will lead to the 
ordinary degree of B.Sc.Tech. and the higher degree 
of B.Se.Tech. with honours. The University of 
Manchester will thus be one of the first to offer two 
separate and distinct physics courses, and, in a sense, 
the two can be regarded as complementary: that in 
the Faculty of Science, which is under the direction 
of Prof. P. M, 8. Blackett, will naturally attract those 
whose main object is to pursue the study of the 
subject for its own sake; the new course, in the 
Faculty of Technology (College of Technology), is 
designed to attract those who are more interested in 
the applications of physics. 

The new course will therefore differ from most 
physics courses in its emphasis on practical appli- 
cations, although, naturally, all physics degree 
courses must have the same basic content. Since 
these applications depend mainly upon what has 
come to be known as ‘classical’ physics, instruction 
at all stages will be chiefly concerned with this, rather 
than with the more abstruse advances in, say, atomic 
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and nuclear physics. There need be no lowering of 
standards to achieve this end; there is a great deal 
in classical physics which makes a high call upon the 
mental capacity of the student, and which is, more- 
over, of considerable importance to the experi- 
mentalist, even if he is concerned with some of the 
newer branches of physics. 

It is intended that instruction shall, whenever 
possible, be illustrated by practical usage. For 
example, optics will include practical photometry 
and the theory of stops leading to the design of 
optical systems; in magnetism, attention will be 
directed to the potentialities of materials with high 
coercivities and high initial permeabilities ; and in 
heat, methods of measurement of high temperatures 
will be dealt with. Where possible, specialist lectures 
on such topics will be arranged. 

the supporting subjects have been chosen with the 
same end in view. The mathematics will be mainly 
that which has applications in physics; some 
chemistry and metallurgy will be included for their 
importance in the theory of interatomic forces ; and 
electrical engineering will supply the knowledge 
necessary for the handling of electrical instruments 
and supplies. Electronics will be dealt with par- 
ticularly thoroughly, as it forms an important part 
of the equipment of the practical physicist. 

The more promising students will be encouraged, 
after graduation, to take part in the research work 
of the Physics Department of the College of Tech- 
nology. At present, this is concerned with the study 
of crystalline matter by X-ray diffraction, a subject 
that is particularly apt since, in addition to its im- 
portance in fundamental physics, it has many appli- 
cations in industry ; the work of the Department in 
this field is well known, both in Great Britain and 
abroad. Lack of space does not allow a wider choice 
of research subjects, but, as the Department expands, 
it is hoped to widen the research interests to include 
other subjects of practical importance. 

lt will be seen, therefore, that the intention is to 
provide a broadly based course that will fit students 
for a wide variety of applications of physics. If such 
students have certain gaps in their knowledge of the 
most recent advances in physics, it is hoped the 
breadth of the foundations laid will enable them to 
cope successfully with the difficulties they may 
encounter in their subsequent careers. 


METABOLISM OF GLUTATHIONE 


By Pror. FRANCIS BINKLEY 
College of Medicine, University of Utah, Salt Lake City 


HE report of Hanes, Hird and Isherwood in 

Nature’ of certain transpeptidation reactions 
with glutathione has prompted us to describe briefly 
certain of our findings and concepts of a similar 
nature. Several years ago we initiated an investiga- 
tion of the metabolism of glutathione in the belief 
that this metabolism was concerned with the syn- 
thesis of protein. It was expected that the synthetic 
reactions would be found to be associated with 
reactions leading to the hydrolysis of glutathione, and, 
therefore, an investigation of the enzymes responsible 
for the hydrolysis of glutathione was undertaken. As 
we have reported’, it was found that two consecutive 
reactions were concerned with the hydrolysis by renal 
tissue ; these reactions were ascribed to two separate 
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enzymes, glutathionase and cysteinylglycinase, re- 
spectively. Cysteinylglycinase was found in all tissues 
other than nervous tissue, but glutathionase was 
found in reasonable quantities only in the kidney and 
intestine. This limited distribution of glutathionase, 
together with other considerations, led us to abandon 
the concept that the hydrolysis of glutathione was a 
specific mechanism concerned with protein synthesis, 
and caused us to consider the possibility that the 
hydrolysis was intimately concerned with absorptive 
processes and, in particular, with the function of the 
intestine and the kidney. It is our concept that 
although the reactions of glutathione may be a 
fragment of the mechanism of protein synthesis, it is 
specifically adapted to absorptive processes. Thus, 
we have pictured the renal tubule as composed 
essentially of a column of self-regenerating ion- 
exchange resin; this ‘resin’ would be composed of 
the enzymes converned with the hydrolysis of gluta- 
thione and glutamine*. The involvement of gluta- 
mine in the mechanism was prompted by our finding 
that the hydrolysis of glutathione was dependent 
upon the presence of glutamine‘. The reactions we 
have proposed to explain the relationship of gluta- 
mine and regeneration of the ion-exehange system 
are as follows : 


(1) Enzyme-COONa -+- glutamine — 
Enzyme-CONH, + Na glutamate. 
(2) Enzyme-CONH, + glutathione -- Enzyme— 
COOH + glutamine + cysteinylglycine. 


The ‘ion-exchange resin’ is thought to be the 
‘enzyme-COOH’ and the _ regeneration process 
would be the shift of the amide grouping; the 
resynthesis of glutathione may proceed through 
reactions involving phosphate. Thus, it is seen that 
our concept of an amide transfer is very similar to 
that proposed by Hanes, Hird and Isherwood for 
‘transpeptidation’ reactions. The role of glutarnine 
in the formation of urinary ammonia’ could be 
explained by a simple extension of these concepts. 
The involvement of an ‘ammonia-glutamic acid- 
glutamine-glutathione’ system in absorptive pro- 
cesses and in the maintenance of the ionic environ- 
ment of the animal has received indirect support from 
other laboratories. For example, Terner, Eggleston 
and Krebs* have found that glutamate appears to 
be concerned with the maintenance of levels of 
potassium by retina and by nervous tissue, and 
Grunert and Phillips’ have reported that the levels 
of sodium in the bloods of ailoxan-diabetic rats 
receiving diets low in salt are correlated with the levels 
of glutathione in the blood. Recent studies in our 
laboratory have shown that the administration of 
glutamine and glutathione to dogs in the course of a 
saline diuresis was followed by a marked decrease of 
excretion of sodium chloride. Furthermore, it has 
been found that the concentration of glutathione and 
the products of its hydrolysis in tissues of rats was 
changed markedly by the administration of insulin 
and deoxycorticosterone acetate; the effects of 
insulin appeared to be primarily upon the liver and 
muscle, whereas the effects of deoxycorticosterone 
acetate were primarily upon kidney. Such results are 
of interest in view of current concepts that these 
materials alter the ionic environment of tissues. 

In view of our concept that this system is con- 
cerned with renal function, it is of interest that 
phenol red, p-aminohippurate, diodrast and penicillin 
were found to be competitive inhibitors of the hydro- 
lysis of glutathione‘. Since all these materials are 
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known to be secreted by the kidney, it would appear 
possible that these inhibitions are related to the 
process of secretion. For this reason and because a 
variety of phthaleins were found to be more potent 
inhibitors than penicillin, we do not believe that the 
inhibition by penicillin can be considered as an 
explanation of the antibiotic properties of penicillin. 
The order of activity of the phthaleins as inhibitors 
of the hydrolysis was roughly the same as their order 
of activity as laxatives, thus re-emphasizing the 
possibility that the action of certain laxatives and 
secretion by the kidney may have a similar basis. 

Further studies of the enzymes responsible for the 
hydrolysis have centred upon an elucidation of the 
nature of the cysteinylglycinase. As we have re- 
ported*, there is reason to suspect that this enzyme 
is not protein in nature and, indeed, may be a pentose 
nucleic acid. The evidence for the non-protein nature 
of the enzyme is as follows: (1) activity was not 
reduced by long periods of incubation with relatively 
massive amounts of cyanide-papain, pepsin, trypsin 
or chymotrypsin; (2) substantially all the protein 
was removed by exhaustive treatment with chloro- 
form and octanol and by fractionation with ethanol 
and salts without loss of activity ; (3) protein could 
not be detected in amounts of material as great as 
10 mgm., whereas 0-0001 mgm. was sufficient for 
easily demonstrated activity (50 per cent hydrolysis 
in 15 min.) ; (4) injection of the material into rabbits 
did not induce the formation of antibodies which 
could be precipitated in the presence of the enzyme, 
could fix complement in the presence of the 
enzyme or inhibit the activity of the enzyme; and 
(5) the spectrum of the material in the ultra-violet 
and the content of nitrogen, pentose and phosphate 
were identical with that ordinarily accepted for 
pentose nucleic acids. It is to be emphasized that 
throughout the isolation and throughout such pro- 
cedures as chromatography on ion-exchange resins, 
the activity was found to bear a constant relationship 
to the content of pentose and the absorption at 260 p. 
The activity was extremely labile at values of pH 
less than 5-5, but solutions could be heated at 
70° for 10 min. when the pH was about 9; at values 
of pH greater than 10-5, the activity was rapidly 
destroyed. The original material was attacked very 
slowly by ribonuclease, whereas the acid- or alkaline- 
inactivated material was attacked rapidly. 

Glutathionase appears to be a lipoprotein which 
may be extracted with 1 M sodium chloride or with 
alkaline buffers from saline-washed homogenates of 
kidney tissue. The material was precipitated from 
1 M sodium chloride when the extract was diluted 
with water. The preparation was freed from deoxy- 
ribonucleic acid by washing with water and by 
flotation from 0-5 M sodium chloride. This material 
was inactive in the absence of glutamine and was 
activated considerably by cysteinylglycinase*. 

An application to tissues* of our methods for the 
determination of glutathione and the products of its 
hydrolysis led to the discovery of an acid-labile 
derivative of cysteine which appeared to be y-glutam- 
yleysteine. Since our scheme for the hydrolysis of 
glutathione by enzymes of tissues had failed to pre- 
dict such a product of hydrolysis, we have undertaken 
a search for the enzyme or enzymes responsible for 
the formation of this product. The only enzyme 
found that catalysed such a reaction was crystalline 
pancreatic carboxypeptidase. It may be possible 
that the activity of this enzyme (or of similar enzymes 
in other tissues) will explain the presence of _-glutam- 
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yleysteine in tissues ; but our search is now directed 
toward the detection of systems concerned with a 
transfer of glycine from glutathione with the forma- 
tion of y-glutamyleysteine. It is to be mentioned that 
this fraction has been found to be increased markedly 
in the bloods of diabetic patients* and in the bloods 
of normals following the administration of adreno- 
corticotrophic hormone. 

Thus, it is apparent that the metabolism of gluta- 
thione has wide ramifications in a number of physio- 
logical processes ; the elucidation of this metabolism 
has presented many fascinating and difficult problems 
of concept as well as of technique. It is a source of 
considerable satisfaction that the studies of the 
metabolism of glutathione have passed beyond the 
somewhat sterile concepts of the role of glutathione 
as @ sulphhydryl or redox buffer and as a model for 
the study of formation of peptide bonds ; it is hoped 
that the studies of the mechanisms of utilization of 
glutathione concerned with the hydrolysis will be 
somewhat more productive. 

. meena, 5., Hird, F. J. R., and Isherwood, F. A., Nature, 166, 288 


* Binkley, F., and Nakamura, K., J. Biol. Chem., 178, 411 (1948). 
* Binkley, F., in First Conference on Renal Function, New York (1949). 
: Binkley, F., and Olson, C. K., J. Biol. Chem., 188, 451 (1951). 
Van Slyke, D. D., Phillips, R. A., Hamilton, P. B., Archibald, R. M. 
Futcher, P. H., and Hiller, A., J. Biol. Chem., 150, 481 (1943). 


e Tene, o- Eggleston, L. V., and Krebs, H. A., Biochem. J., 47, 139 
* Grunert, R. R., and Phillips, P. H., J. Biol. Chem., 181, 821 (1949). 
* Binkley, F., and Olson, C. K., Abstracts, 118th Meeting, American 
Chemical Society, Chicago (1950). 2% 
° ee Pujii, S., and Kimmel, J. R., J. Biol. Chem., 186, 159 
)»). 


DISTRIBUTION OF RADIATION 
ACROSS THE SOLAR DISK AT 
A FREQUENCY OF 81°5 MC./S. 


By K. E. MACHIN 
Cavendish Laboratory, Cambridge 


N a previous communication from this Laboratory, 
Stanier' has described how he used an interference 
method to measure the distribution of ‘radio bright- 
ness’ across the solar disk at a frequency of 500 Mc./s. 
In the first part of this note it is explained how the 
method has been used for measuring this distribution 
at a frequency of 81-5 Mc./s.; in the second part, 
the results obtained at both frequencies are con- 
sidered in relation to existing theories of radio 
emission from the solar corona. 

The principle of Stanier’s method is as follows : 
two aerials, many wave-lengths apart, are connected 
to the same receiver, so that a recorder, operated by 
the output of the receiver, draws out a periodic 
‘interference pattern’ as the reception pattern of the 
aerials is swept across the sun by the rotation of the 
earth. The amplitude of the pattern will vary with 
the spacing of the aerials, and from the nature of 
this variation it is possible to deduce the distribution 
of brightness across the solar disk. 

In the present experiment, at a frequency of 
81-5 Mc./s., four fixed and two movable aerials were 
used, so as to allow records to be obtained with 
twelve different aerial spacings. The gains and 


reception patterns of the aerials were previously 
measured by recording the radiation from the 
intense radio stars 05-01 and 12-01% (in the con- 
stellations of Taurus and Virgo respectively). 


An 
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improved method of interpreting the results in terms 
of the intensity distribution has been applied: it 
can be shown that when two aerials are used with a 
spacing mA, the amplitude A(n) of the pattern 
recorded from a source having a radially sym- 
metrical distribution of ‘equivalent temperature’ 
T(r) is given by 


wo 2s 
A(n) = J | T(r) . cos(2xn r cos 6) dr.d6 


= ox T(r) .r. J 9(2nnr).dr. 
Hence, by the inverse Fourier—Bessel transform!’ : 
T(r) = anf A(n) .n.J(2nnr) dr. 


A numerical method for computing the transform, 
analogous to the Lipson—Beevers strips for Fourier 
transforms, has been devised. 

If the sun were completely undisturbed, so that a 
radial distribution 7(r) of equivalent temperature 
could be assumed, the above method could be applied 
directly to the experimental results to give the 
required distribution. At f-squencies less than about 
200 Mc./s., however, the rad'ation from sunspots is 
seldom sufficiently small to be neglected. An earlier 
series of observations on 81-5 Mc./s. using an inter- 
ference system having & spacing of 105 4 has shown 
that on only twelve days during a period of six 
months was the sunspot radiation weak enough not 
to affect the results. The interference pattern 
obtained on these twelve days was compared, in 
amplitude and phase, with the interference patterns 
obtained on the days of the experiment ; the results 
of this comparison were used to correct the ampli- 
tudes observed at the other aerial spacings by a 
method which will be described in detail elsewhere. 

The experimental results, corrected for sunspot 
radiation, are shown in Fig. 1, and the calculated 
radial distribution of equivalent temperature is given 
in Fig. 2. 

The radiation to be expected from the solar disk 
has been discussed in detail in a theoretical paper by 
Smerd‘, and it is interesting to compare these pre- 
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dictions with the results of the observations which 
have been made at the two frequencies of 500 Mc./s. 
and 81-5 ——. 

By interpolation from curves given by Smerd, the 
dotted line in Fig. 2 has been plotted to show the 
expected distribution of intensity at a frequency of 
81-5 Mc./s., if the solar corona is assumed to be at 
a uniform temperature of 2-0 x 10* deg. K. The 
agreement, both as regards shape and absolute 
magnitude, is seen to be good, except at the extreme 
limb, where the calculated intensity is very sensitive 
to the assumptions made in the theory. For example, 
if the coronal temperature did not remain constant 
as assumed, but decreased to a value of 10* deg. K. 
at a radius of 2 Ro, the increased radiation from the 
limb would be accounted for. 

It does not, however, appear that the same model 
of the solar corona can explain the observations at 
500 Me./s.; at this frequency Smerd predicts con- 
siderable limb brightening, whereas Stanier' finds 
experimentally that none occurs. The experimentally 
determined distribution of intensity agrees better 
with a model in which the coronal temperature is 
2-5 x 10° deg. K., although then the total expected 
intensity would be about half that observed. ~ 

An attempt has therefore been made to combine 
the two models in a manner capable of accounting 
for the observations at both frequencies; in this 
model it is assumed that the temperature increases 
from a value of 2-5 x 10° deg. K. at the base of the 
corona to a value of 2-0 x 10* deg. K. at a radius 
of 1-2 Ro, and afterwards decreases to 10* deg. K. at 
a radius of 2 Ro. A solar atmosphere of this kind 


ight 
dewense continously eutwands to 0 value of 8 x 10° 
deg. K. at a radius of 1-5 Ro. This suggestion cannot, 
however, explain the results obtained at 81-5 Mc./s. 

Another possible explanation for the 500 Mc./s. 
observations has been considered, in which a tem- 
perature as high as 5 x 10° deg. K. could occur in 
the lower corona, provided that the absorption of 
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500 Mc./s. radiation in this region were higher than 
that assumed by Smerd. This increased absorption 
might be caused by i ities in the corona, 
which would produce multiple scattering of the 
radiation, and a consequent increase in the length of 
the ray path. Although turbulence of a suitable 
scale (about 150 km.) has been observed in the 
photosphere*, it appears on present theory’ that only 
much larger irregularities, which would be ineffective 
in causing increased absorption, would persist into 
the corona. 

The non-equilibrium distribution of coronal tem- 
perature which has been proposed therefore appears 
to provide the most satisfactory explanation of the 
present observations. 

This work was carried out as part of a programme 
of radio research at the Cavendish Laboratory, sup- 
ported by the Department of Scientific and Indus- 
trial Research, to which I am indebted for a senior 
award. Thanks are also due to my colleagues in the 
Laboratory for assistance with the experimental 
measurements, and particularly to Mr. M. Ryle for 
most valuable advice and help. [March 16. 

‘ Stanier, H. M., Nature, 165, 354 (1950). 

* Ryle, M., Smith, F. G., and Elsmore, B., Mon. Not. Roy. Astro. Soc. 
(in the press). 

* Watson, G. N., “Theory of Bessel Functions”, 
Press, 1948). 

*Smerd, 8. F., Aust. J. Sci. Res., A, 3, 34 (1950). 

* Waldmeier, M., 9th General Assembly of U.R.S.I., Zurich (1950). 

a. 5. 8,, and Schwarzschild, M., Astrophys. J., 111, 351 

' Alfvén, H., Mon. Not. Roy. Astro. Sor., 107, 211 (1947). 
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PRODUCTION OF POLYPLOIDS 
BY COLCHICINE AND X-RAYS 


By Dr. D. LEWIS 
John Innes Horticultural Institution, Bayfordbury, Hertford, 
Herts 


“YUCCESS with colchicine in producing polyploid 
plants depends mainly upon the kind of plant 
and tissue treated. In general, fast-growing plants 
are more amenable to treatment than slow-growing 
ones; plants with an exposed growing-point are 
better than plants with a hidden growing-point such 
as the onion, cereals and grasses. Young actively 
dividing tissue, such as a fast-growing embryo, are 
affected more than older and more differentiated 
parts. In other words, the smaller the growing- 
point and the more rapid is cell division, the greater 
will be the probability of all the cells being affected 
by the drug. Even in the best material, a young 
embryo, the plant arising after colchicine treatment 
is frequently a mixture of tetraploid and diploid 
tissues; but when differentiated tissue is treated, 
chimerical plants are almost inevitable. Further- 
more, in many species the diploid tissue grows at the 
expense of the tetraploid, and such a mixoploid 
reverts rapidly to the diploid condition. In such 
plants a treatment is wanted which will select the 
tetraploid and eliminate the diploid tissue. 

Such a differential effect is found with X-rays. 
So early as 1929, Stadler showed that the number of 
recessive visible mutations was less in tetraploid than 
in diploid species of oats and wheat, and that the 
dose of X-rays that was injurious to the diploids was 
not harmful to the polyploids'. With diploids and 
the corresponding tetraploids of barley, Miintzing 
has found that, after X-rays, “in the tetraploid 
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material the germination and the vigour of the 
resulting plants were on an average much less 
decreased than in the corresponding diploids’’*. 

The simultaneous treatment of tissue with col- 
chicine and X-rays has been made by several workers, 
with mixed results, in order to find whether colchicine 
would make cells more sensitive to X-rays by keeping 
them in the metaphase condition for a longer time. 
In this way colchicine might be used to enhance the 
effect of X-rays on cancerous tissue’. 

In the test to be described the opposite effect has 
been attempted—to use X-rays to make colchicine 
more effective. 

The plant used was Oenothera organensis. In the 
past, germinating embryos of this species, when 
treated with colchicine, have given the usual pro- 
portion of tetraploids and diploid-tetraploid chimzras. 
Thus the plant is not a difficult one to treat in the 
embryonic stage‘. Chimerical plants have persisted 
as such for four years ; but some individuals lost all 
their tetraploid tissue after one year, while one plant, 
which appeared to have no tetraploid shoots in the 
first year after treatment, had some tetraploid shoots 
in the second year. 

It is sometimes desirable in plant breeding and 
genetics experiments to reproduce in a polyploid 
form the precisely doubled genotype of the diploid, 
without the intervention of segregation. This result 
cannot be obtained in heterozygous material if an 
embryo is treated. In 1944 tetraploid plants of 
certain clones of Oenothera were wanted. Fourteen 
small potted plants raised from root cuttings were 
treated in April by putting drops of 2 per cent 
colchicine in the centre of the rosette of leaves over 
@ period of forty-eight hours. These plants developed 
distorted leaves, indicating that the colchicine had 
been partly effective. Later, the plants appeared, 
however, to be normal diploids and all the flowers 
produced in that year were diploid. In June of the 
following year the fourteen plants were examined for 
the thicker leaves and more robust growth char- 
acteristic of the tetraploid, and only one plant had 
these characters. This plant produced large flowers 
like a tetraploid; but the pollen of these flowers 
was haploid. There is little doubt that it consisted 
of a diploid inner tissue with a tetraploid skin. The 
thirteen remaining plants appeared to be completely 
diploid and produced diploid-looking flowers with 
haploid pollen. Seven of these plants were given 
X-ray treatments as shown in Table 1. 

TABLE 1. THE RESULTS OF COLCHICINE TREATMENT (0-2 PER CENT 


FOR 48 HOURS GIVEN TO VEGETATIVE SHOOTS OF Oenothera IN APRIL 
1944) FOLLOWED BY X-RAY TREATMENT = JULY 1945 





Condition of plants, 
Sept. 7, 1945 


X-ray dosage 
No. of plants in roentgens 
3 1,000 


4 500 





6 None All woe diploid plants. 








It appears from the table that the X-rays have 
increased the proportion of tetraploid tissue in the 
colchicine-treated plants. There is an indication that 
the higher dose, 1,000 r., was more effective than 
500r.. Although the thirteen colchicined plants 
before X-ray treatment appeared to be normal 
diploids, they must have contained some tetraploid 
tissue which was not detected by the crude method 
of inspection. Following the 1,000 r. treatments, the 
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TABLE 2. THE NUMBER OF DiPLOID AND TETRAPLOID SHOOTS DIFFER- 
ENTL!TED FROM THE CALLUS TISSUB OF TOMATO STEMS WHICH WERE 
OUT BACK ON JUNE 1, 1946 














lst cut of shoots | 2nd cut of shoots 
Plants |}— " | 
Tetra- Tetra- 
Diploid | ploid | Diploid; ploid 
Control 9 41 6 20 4 
500 r. 
dune 21, 1946 9 4 1 4 0 
1,000 r. 
June 21, 1946 y 3 1 3 1 
2,000 r. 
June 21, 1946 9 0 0 5 0 
2,000 r. | 
June 17, 1946 ce) 0 0 4 2 | 
2,000 r. 
June 17, 1946 10 5 0 6 2 




















growing-points became very unhealthy, with dis- 
torted leaves, and stopped growing. This was followed 
by a recovery, and it was after this that the tetra- 
ploid shoots appeared. Clearly the X-ray treatment 
killed more diploid than tetraploid colls. 

It is known that some plant tissues normally 
contain tetraploid cells even when they have not 
been treated with colchicine®*, and it might be 
thought that it was these naturally occurring tetra- 
ploid cells that were being selected by the X-ray 
treatment in Oenothera. However, Oenothera plants un- 
treated with colchicine have been subjected to X-rays 
many times without producing any tetraploid tissue. 

As a result of the success of the method with 
Oenothera, tests were made on callus tissue of tomato 
stems which have been cut back. This tissue normally 
differentiates into shoots of which 20 per cent are 
tetraploid. The cut-back surfaces of the stems were 
treated with varying doses of X-rays at different 
times after cutting back. The results are given in 
Table 2. There is no great increase in the proportion 
of tetraploid shoots produced after X-ray treatment, 
although there is a suggestion that the 2,000 r. dose 
given twelve and seventeen days after cutting back 
the stem increased the proportion of tetraploids. 
However, the suppression of shoot differentiation by 
all the X-ray treatments is unambiguous (see 
accompanying illustration). 

One essential for the success of the method is that 
the plant must have the ability to produce sub- 
sidiary growing-points freely when the main one is 








Tomato plants, thirty-five days after cutting back the stems: 
differentiation of shoots on t 
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untreated (note the 


left, 
he callus and in the axils of the leaves) ; 
2,000 r. seventeen days after cutting back 
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killed. It is expected, therefore, to be less effective 
in plants with a limited growing-point as found in 
grasses and many monocotyledons. 

Although .an unnecessary adjunct to the ordinar) 
technique for producing polyploids in plants whic! 
easily respond, X-rays seem to provide a means of 
overcoming the difficulties of producing polyploids 
in woody plants which commonly fail to respond to 
colchicine or at best give chimerical tissue. 

[April 18. 
‘ Stadler, L. J., Proc. U.S. Nat, Acad, Sci., 15, 876 (1929). 
* Miintzing, A., Hereditas, 28, 217 (1942). 
* Levine, M., Bot. Rev., 11, 145 (1945). 
* Lewis, D., J. Genet., 45, 171 (1943) 
* Coleman, L. C., Cand. J. Res., Sect. C, Bot. Sci., 28, 382 (1950). 
* D'Amato, F., Caryologia, 3, 11 (1950). 


VoL. 167 


EFFECT OF SOME SUBSTITUTED 
PURINES ON THE DEVELOPMENT 
OF PLANT VIRUS INFECTIONS 


By Da. R. E. F. MATTHEWS 


Plant Diseases Division, Department of Scientific and Indus- 
trial Research, Auckland, New Zealand 


O practical control of plant viruses using com 
pounds which act on the virus within plant 
tissues has yet been obtained. The types of compounds 
tested have, in the main, been those having some 
effect on bacterial infections. It has long been 
assumed, and recently experimentally shown for one 
plant virus‘, that the nucleic acid of the virus nucleo- 
protein is ndcessary for infectivity. Noting the work 
of Kidder et al.* on effects of substituted purines on 
metabolism of 7'etrahymena and on development of 
malignant cells in mice, we have been investigating 
the effects of several such compounds on the develop- 
ment of plant virus infections. While this work was 
in progress, Nickell et al.* reported their work on the 
effects of various nucleic acid components and related 
compounds on virus tumours of Rumex. They found 
that guanazolo inhibited growth of tumours and that 
guanine reversed this inhibition. 

The following compounds have been investigated : 
5-amino-7-hydroxy-1-V-triazolo (D) pyrimidine 
(guanazolo) ; 2,6 diaminopurine ; 
2-hydroxy-6-aminopurine ; 5-am- 
ino-7-hydroxy oxadiazolo (5,4D) 
pyrimidine; 5 hydroxy-7-amino- 
1-V-triazolo (D) pyrimidine ; 5,7 
dihydroxy-1-V-triazolo (D) pyrim- 
idine. So far, we have restricted 
our methods of application to 
those that would be applicable on 
a field-scale. The compounds sus- 
pended in water, or brought into 
solution in 1-0 per cent sodium bi- 
carbonate, were watered on the 
soil or sprayed on the leaves of 
plants grown in pots in the glass- 
house. The effect of guanazolo on 
a strain of lucerne mosaic virus‘ 
from white clover has been most 
studied. This virus in Nicotiana 
tabacum var. White Burley and in 
N. glutinosa produces etched ring- 
spot local lesions in three to six 
days, followed by systemic etched 
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EFFECT OF GUANAZOLO ON THE DEVELOPMENT OF LUCERNE 
Mosalo VIRUS IN N. glutinosa 


No. 4257 











Sprayed Sprayed co | 
before after before and | 
Strength Control “om — 
of in- y insulation 
oculum « 3 apeuge) ao ‘sprays) (3 +10 sprays)| 
bs | 4 [a|a{[ela|lsa|lals 
23 231 6 97 3 23 2 21 4 
$100 28 6 v 1 7 1 9 0 























A = Total number of local lesions on 24 leaves (4 leaves on each of 
6 plants). 

B = No. of plants out of 6 in which the virus had moved systemic- 
ally 54 days after inoculation. 


particularly in the early stages of systemic spread. The 
results of an experiment using this virus mechanically 
inoculated to young \. glutinosa plants are given in 
the accompanying table. All leaves of treated plants 
were sprayed with a 0-1 per cent suspension of 
guanazolo in water. All control plants inoculated 
with infective sap at a dilution of 1 : 10 were system- 
ically infected after ten days, while all those in- 
oculated at 1: 100 were infected after twenty-two 
days. The counts of systemic infections, shown in the 
table, were made after fifty-four days. Check inocula- 
tions showed that no detectable virus was present in 
the plants showing no symptoms. 

In experiments with the same virus in tobacco, sim- 
ilar effects were obtained. In one experiment in which 
tobacco was inoculated with virus at a dilution of 
1: 1, control plants developed 1,268 local lusions and 
all six plants were infected systemically after five 
days. Plants sprayed thrice weekly with a 0-1 per 
cent suspension of guanazolo both before and after 
inoculation developed no local lesions, and after 
twenty-three days, when the experiment was termin- 
ated, no systemic symptoms had appeared. In check 
inoculations no virus was recovered from the top 
leaves of any of these plants. However, from three 
out of six of the inoculated leaves some active virus 
was obtained. The longevity in vitro of the lucerne 
mosaic virus is about two-three days. Presumably, 
therefore, in these cases the virus had increased 
locally to a limited extent but had failed to become 
systemic. 

Some of the factors affecting suppression of lucerne 
mosaic virus by guanazolo have been investigated. 
Guanazolo sprayed in suspension at 1 per cent is 
slightly more effective than at 0-1 per cent, while at 
a concentration of 0-01 per cent it has no detectable 
effect. Two sprays before inoculation only were 
usually more effective than continued spraying after 
inoculation, although in some experiments the latter 
gave almost complete control. Guanazolo brought 
into solution in 1 per cent sodium bicarbonate was 
more effective than in aqueous suspension. The 
effect of concentration of virus in the inoculum has 
not beer clearly established. In some experiments 
the strongest application of virus was that most 
effectively controlled. In other experiments the 
reverse was true. No effect was obtained with foliar 
application of guanazolo when lucerne mosaic virus 
was transmitted to subterranean clover by the aphid 
Myzus persice, although some control was obtained 
when mechanical inoculation was used. 

Guanazolo watered on the soil before plants were 
inoculated gave about the same degree of suppression 
of systemic symptoms, but reduction in numbers of 
local lesions was not so marked as that obtained 
when the compound was sprayed on the leaves. 
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Incubating lucerne mosaic virus in expressed sap with 
1-0 per cent guanazolo for two hours had no detect- 
able effect on infectivity as determined by numbers 
of local lesions produced on tobacco. It is probable, 
therefore, that guanazolo, in this case at least, has 
its effect on the virus within the host cells. Attempts 
to reverse the activity of guanazolo by the application 
of guanine have so far given inconclusive results. 

With both cucumber mosaic virus in cucumber and 
pea mosaic virus in peas, guanazolo sprayed on the 
leaves delayed considerably the development of 
systemic infection when plants were infected by 
mechanical inoculation, but had no effect when the 
virus was transmitted by Myzus persice. With 
tomato spotted-wilt virus in tomato and JN. glutinosa 
and with potato virus X in tobacco, guanazolo had 
no effect. 

Guanazolo had no effect on the time of appearance 
of symptoms of common tobacco mosaic virus in 
tobacco. However, concentration of virus in treated 
plants (sprayed both before and after inoculation) 
was lower than in untreated plants during the first 
ten-fourteen days after infection, but after two 
weeks reached about the same concentration. 

With an aucuba strain of tobacco mosaic in tomato, 
guanazolo had a delaying effect on the systemic 
spread of the virus, leaf-spraying being more effective 
than soil-watering. A greater delay was obtained 
with the most dilute inocuium. With inoculum at a 
dilution of 1: 10°, twelve control plants were all 
systemically infected after ten days, while nine out 
of twelve treated plants were free of systemic virus 
at this stage. After twenty-five days, four treated 
plants were still free of systemic virus. 

2-6-Diaminopurine delayed the systemic develop- 
ment of lucerne mosaic virus in tobacco for a few 
days. It also delayed the appearance of local lesions 
of a ringspot strain of potato virus X for twenty-four 
to forty-eight hours, and the lesions produced were 
of the solid necrotic type instead of the etched-ring 
type normally produced. Development of systemic 
symptoms was delayed several days, and plants when 
fully infected were considerably stunted compared 
with both sprayed uninoculated plants and plants 
inoculated and treated with any of the five other 
compounds. The concentration of virus in these 
stunted plants was not detectably different from that 
in the control plants. 

None of the four other compounds tested had any 
detectable effect on the host—virus combinations 
tested. Apart from the case noted above, none of 
the compounds at the concentrations used caused 
any marked damage to the plants tested, except that 
tobacco, N. glutinosa, and tomato plants treated with 
guanazolo sometimes showed a transient blotchy 
yellowing. 

Of the three triazolopyrimidines tested, guanazolo 
is the only one with the same substituent groups in 
the same positions as in guanine, and was the only 
one of these three compounds having any effect. 
This fact is not inconsistent with the view that 
guanazolo may act by replacing guanine in virus 
synthesis. 

My thanks are due to the Lederle Laboratories 
Division, American Cyanamid Company, for supplies 
of the compounds used. (Jan. 12. 

‘ Markham, R., and Smith, K. M., Parasit., 39, 3, 330 (1949). 
* Ridder, G. W., Dewey, Virginia C., Parks, jun., R. E., and Wood- 

side, G.I ., Science, 109, 511 (1949). 

* Nickell, L. G., Greenfield, Phyllis, and Burkholder, P. R., Bot. Gaz., 

112,’ 42 (1950). 

* Rev. Apr. Mycol., 24, 525 (1946). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Correlation of Auroras with Increased 
Cosmic Ray Intensities (November 19, 1949) 


A CORRELATION has been found between the aurora 
observed on November 19, 1949, and the increased 
cosmic ray activity recorded on the same day. 
A solar flare of importance 3 was observed during 
1029-1119 @:m.T. at the Wendelstein Solar Observa- 
tory, Bavaria, Germany’. The flare was also reported 
by the Royal Observatory, Edinburgh, where it was 
noticed* that the width of the Ha line in emission 
was abnormally large, 22-9 A., and that while there 
was an intense burst of solar radiation, “the position 
{of this flare] was unfavorable for a directive stream 
of solar corpuscles to impinge upon the earth”’. 

It might be interesting also to note briefly the 
sudden ionospheric disturbances which were observed 
on the same date. During 1035-1100 a.m.t., the 
radio-receiving station of RCA Communication, 
Riverhead, New York, reported a sudden ionospheric 
disturbance for transmitters located in Argentina, 
Canada, England, Italy and Morocco*. The Inter- 
national Telephone and Telegraph Corporation zaclio- 
receiving station at Platanos, Argentina, reported a 
sudden ionospheric disturbance for transmitters in 
Prazil, Denmark and Germany during 1036—1105 
@.M.T.*. A sudden ionospheric disturbance occurring 
during 1030-1100 G.M.T. was reported by the Cable 
and Wireless, Ltd., Somerton, England, for trans- 
mitters located in Aden, Argentina, Australia, Brazil, 
Ceylon, China, Egypt, Gold Coast, India, New York 
and Union of South Africa*. At Brentwood, England, 
the sudden ionospheric disturbance was observed dur- 
ing 1030-1115 G.m.tT. for transmitters in Austria, 
Bahrein Islands, Barbados, Belgian Congo, Canary 
Islands, Eritrea, Greece, India, Iran, Kenya, Malta, 
Portugal, Southern Rhodesia, Spain, Syria, Switzer- 
land, Trans-Jordan, Turkey, U.S.S.R., Yugoslavia 
and Zanzibar*. A sudden ionospheric disturbance 
was also reported by the Noordwijk radio station, 
Holland'. A moderate ionospheric disturbance was 
reported at Christchurch, New Zealand, during 
1600 G.m.T., November 19, to 1630, November 20, 
1949*. At Barbados, British West Indies, a sudden 
ionospheric disturbance was observed for a trans- 
mitter in Canada during 1945-2140 G.m.r. 

The cosmic ray intensity observed on this day at 
various observatories also increased, the magnitude 
of the increase depending upon both the geographical 
(geomagnetic) latitude and elevation. A brief sum- 
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mary of the reports is given in the accompanying 
table. Forbush, Stinchcomb and Schein* reported 
that this increase in cosmic ray intensity began at 
1045 @.M.T., and was the largest yet recorded during 
more than a decade of continuous registration of 
cosmic ray ionization at several stations. 

Auroras were also reported at various localities on 
the same day. Radio observations indicate that aurora 
was observed over the eastern region of the North 
American continent during 2355 G.m.T., November 19, 
1949, to 0145 c.m.t., November 20, 1949. It thus 
becomes interesting to speculate that the solar 
particles ejected during the flare had a velocity dis- 
tribution such that the high-energy particles were 
responsible for the increase in cosmic ray intensity 
while the low-energy particles caused the aurora 
borealis. If it is assumed that the solar material is 
emitted at the beginning of the flare, a minimum 
estimate of the velocity for each type of particle may 
be obtained. Thus, the cosmic ray particles are found 
to have a speed of about 1 x 10” cm./sec., and 
the auroral particles a speed of 2-5-3-1 x 10* cm./sec. 

Meinel* obtained substantially the same values for 
the velocity of bombarding particles by examining 
spectrographically the Doppler broading in the 
auroral emission spectrum. It should be noted that 
these velocities correspond to an energy of about 
18-25 eV. if the particles causing the aurora are 
electrons and 33,000-48,000 eV. if the particles are 
protors. The difficulty of auroral production by 
means of electrons in this energy-range is obvious. 

It should be noted that an aurora was also observed 
during 0900-1450 c.m.T. at Wellington and South 
Island (45-0° S., 170-0° E.), New Zealand, on the 
same date*. The aurora reached its maximum in 
tensity at 1120 c.m.t. This information is difficult 
to recwncile with a speed of about 10° cm./sec. for 
the particles producing the aurora. 

Two possible explanations may be given for this 
occurrence of auroras in the southern hemisphere : 
(a) thet this particular aurora was entirely divorced 
from the solar flare which was observed during 
1029-1119 G.m.t. at Wendlestein; (6) that this 
particular aurora was triggered by the high-energy 
cosmic ray particles through some secondary reaction. 
In favour of hypothesis (a) is the fact that auroras 
were also observed in the vicinity of New Zealand 
on fourteen days of the month preceding November 
19, 1949. 

It may be concluded that the cosmic ray particles 
were not neutral but charged from the facts that: 
(1) increases in cosmic ray intensity were found 
almost simultaneously on both the sunlit and dark 
portions of the earth ; and (2) that little or no increase 
in cosmic ray intensity was found at the equator. If 
the same particles, but of lower energy, caused the 


VOL. 167 


Cosmic RAY ACTIVITY ON NOVEMBER 19, 1949 























Altitude Duration Maximum % Increase 

| Station Location (m.) (G.M.T.) (@.M.T.) above average } 

| oe) ee 

} Amsterdam, Holland (ref. 1) 52-3° N., 14-9° E. 1000-1200° 1 

1015-1215¢ 7 

Bagnéres, Frarce (ref. 5) 1200 4 
Cheltenham, U.S. (ref. 6) 38-7° N., 76°8° W. 72 1045 45 
Christchurch, N.Z. (ref. 4) 43°5°S., 172-6° EB 8 0930-1130% 15% 
Climax, U.S. (ref. 6) 39-4° N., 106-2° W. 3500 1045 200 
Godhavn, Greenland (ref. 6) 69-2° N., 53-5° W ) 1045 43 
Huancayo, Peru (ref. LU 120° S., 75°3° W. 3350 none none 0 
Ottawa, Ca: (ref. 7 45 “5° N., 75°6° W. 110 1048-1300 1054 170 

| Resolute Bay, Canada tref. 7) 74-7° N., 94-9° W. 18 1100-1500 1145 12-15 

Tokyo, Japan (ref. 8) 35- 7 N., 139°8° EB. 1048-1148 4 








* Hard component. ft Soft wean t Fig. 7 of ref. 6 indicates about 24 per cent increase above average in cosmic ray intensity, 


beginning at about 1020 G.M.T 
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aurora, it would also be concluded that the auroral 
bombarding particles were charged. 
N. C. Gerson 

Geophysical Research Directorate, 

AF Cambridge Research Laboratories, 
230 Albany Street, 
Cambridge 39, Massachusetts. 

‘Clay, J., and Jongen, N. F., Phys. Rev., 79, 908 (1950). 
* “Rept. Prog. Astro.”, Mon. Not. Roy. Astro. Soc., 110, 170 (1950). 
. a Data”, CRPL-F64, U.S. Nat. Bur. Stand., Washington 


‘ Case pains Buill., Dom. Phys. Lab., Wellington, New Zealand 
(1949). 

* Dauvillier, A., C.R. Acad. Sci., Paris, 229, 1096 (1949). 

* Forbush, 8. E., Stinchcomb, T. B., and Schein, M., Phys. Rev., 79, 
501 (1950). 

" Rose, D. C., Phys. Rev., 78, 81 (1950). 

* Miyazaki, Y., Wada, M., and Kondo, 1, Rep. Ionosph. Res. Japan, 
4, 176 (1950). 

* Meinel, A. B., Science, 112, 590 (1950). 


Absorption of Cosmic Rays in Lead 

THE absorption curve for cosmic radiation in lead 
for small thicknesses of absorber (0-30 cm.) has been 
measured by many observers. The general shape of 
the curve is not in doubt, but several observers have 
obtained differences in detail. Clay' and co-workers, 
using ionization chambers, have obtained three 
maxima at 1-5, 17 and 25 cm. These maxima dis- 
appeared when a Geiger—Miiller telescope was em- 
ployed and the absorber was placed within the 
telescope. With the absorber above the telescope, 
two rather extended maxima appeared at about 15 
and 30 cm. Clay associates these with maxima 
observed in the absorption curve for showers. George 
and Appapillai? have used a counter telescope with 
the absorber placed within it, and find a plateau 
region at about 10-17 cm., but no maxima. More 
recently, Fenyves and Haiman’* have obtained pro- 
nounced maxima in the absorption curve at 17 and 
25 cm. They used counter telescopes and determined 
two consecutive points simultaneously. (The position 
of the absorber is not mentioned.) George, Jénossy 
and McCaig* report that the second maximum in the 
shower curve is instrumental and not real, unless it 
be very small. 

The shape of the absorption curve depends on the 
composition, intensity and energy spectrum of the 
cosmic rays as well as on the nature of the absorber. 
It is usual to assume that these properties of the 
cosmic rays are constant when atmospheric con- 
ditions are approximately constant. (As a rule, the 
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constancy of the atmospheric pressure is assumed to 
be sufficient.) 

We have investigated the absorption curve for the 
vertical component of the cosmic rays in lead with 
a set of Geiger-Miiller counter telescopes of square 
cross-section. Five neighbouring points on the curve 
were determined simultaneously with approximately 
the same accuracy. 

The accompanying diagram indicates the experi- 
mental arrangement. Seven trays of counters were 
employed, each of 1-ft. square sensitive area. The 
main absorber A was varied by 2-in. steps. The 
absorbers B, C, D and E were each 0-5 in. thick. 
Coincidences 123, 124, 125, 126 and 127 were recorded 
simultaneously : 

(1) with A = 0, 4in., 8in., and 12 in., all with B, C, 
D and E removed; and (2) with B, C, D and E 
inserted and A changed by 2-in. steps from 0 to 12 in: 

From (1), the ratios of the counting-rates : 


oN 127 olV 127 oV 127 
Ome, 6 = =, 6 = = , oe. 
o\ 123 oN 124 oN 126 
were determined. These ratios are ‘geometrical 


factors’ which enabled the counting-rates of all the 
telescopes to be related to the 127 telescope. It was 
found that these ratios were sensibly independent 
of the thickness of A. From (2), the counting-rate 
of each coincidence set was determined; that is, 
Nias, Niw N 125; etc. The numbers a.N 123° O.N ase, 
c..N i295, etc., are points on the absorption curve from 
A in. to (A + 2) in. The sets of five neighbouring 
points were fitted to a smooth curve by appropriate 
multiplying factors. Any appreciable error in the 
values of a, 6, c, etc., would produce an anomaly in 
a set of points which would be transmitted to each 
set, and would have been easily detected. The 
measurements under (2) were repeated with A having 
the values 1, 3, 5, 7, 9 and 11 in. All results fitted 
the smooth curve (see diagram). 

The experimental arrangement, though not ideal, 
partially overcomes most sources of error, including 
variation of intensity as well as variation of the 
energy spectrum of the beam. At least 50,000 
particles were counted by each telescope for each 
point on the curve. If these were independent observa- 
tions, the probable error of a point would be about 
0-5 per cent. The relative error between two neigh- 
bouring points, however, is considerably smaller 
than this, since at least 80 per cent of the particles 
counted for these points are the same particles, for 
which the error is zero. The relative probable error 
between neighbouring points is therefore about 
0-2 per cent. No errors are indicated on the absorp- 
tion curve, since we feel that instrumental errors 
probably exceed this value. The slope of the absorp- 
tion curve is very sensitive to relative errors in the 
geometrical factors a, b, c, etc.; but it agrees reason- 
ably well with that obtained with a large telescope 
in the usual way. (The slope is probably a little too 
great.) 

Similar results were obtained using a smaller 
opening cone, that is, with tray 1 raised to 37-5 in. 
above tray 2. Further, similar results were again 
obtained with a wide-angle opening cone using short 
counting periods of 1 hr. The counting-rate of 
telescope 127 was then about 2,000 counts per hour, 
and although the fluctuation of the points was larger, 
there was no systematic deviation from the smooth 
absorption curve. 

A somewhat simi.ar experiment showed that the 
shape of the absorption curve was independent of 
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the position of the absorber ; that is, whether it was 
(a) wholly above the telescope, or (6) wholly within 
the telescope. The experiments were carried out in 
London (approximately sea-level). The roof above 
the apparatus was concrete, 12-5 gm./sq. cm. 

It is concluded that the absorption curve for lead 
(0-30 cm.) for an incident cosmic ray beam of con- 
stant intensity and energy spectrum decreases 
monotonically with increasing absorber thickness. 

G. R. HeyYLanp 
W. E. Duncanson 
Department of Physics, 
University College, 
London, W.C.1. Jan. 31. 


* Clay, J., Venema, A., and Jonker, K. H. J., Physica, 7, No. 8 (1940). 


* George, E. P., and Appapillai, V., Nature, 155, 726 (1945). 

* Fenyves, E., and Haiman, O., Nature, 165, 244 (1950). 

* George, E 
219 (1942) 


Slow Neutron Cross-sections of 
Zirconium and Hafnium 
THE total neutron cross-sections of samples of 
zirconia and hafnia have been measured between 
0-05 eV. and 10 eV. using a crystal spectrometer, and 
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P., Jénossy, L., and McCaig, M., Proc. Roy. Soc., A, 180, 
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Fig. 2. Observed total cross-section of hafnia as a function of 
neutron time of flight 
22-6 + 1-2 j ee 
——>,, —_ barns and is 143 + 8 barns at 0-025 eV. 


VE 
There are no published results on the hafnium cross- 
section measured with a neutron spectrometer, pre- 
viously reported values of the absorption cross-section 
having been measured with pile oscillators*~*. 

At energies above the 1/v absorption region, four 
resonance-levels were found at 1-10 + 0-05 eV., 


















































between 0-003 eV. and 0-1 eV. using a mechanical 2-20 + 0-08 eV. and approximately 5-6 eV. and 
time-of-flight spectrometer. 7-6 eV. (see Fig. 3). In the case of the 1-l-eV. and 
24 i 2-2-eV. resonances, the resolution- 

» | anal | | widths are small compared with the 

a rs tree ttt oe 28t) + observed widths, but this is not true 
gS. | | Tilt | | | for the 5-6-eV. and 7°6-eV. resonances. 
a |] {| meal Trinh TT For the determination of the cross- 
te ++ +H 4++ttttlt ptt} jt} tt section at the peak of the 1-1l-eV. and 
a: : “ati ii* meen Si 2-2-eV. resonances, a thin sample 
a 44} 7s eT eld re mal (0-246 gm./cem.*) was used. Corrections 
” peni Ui) ae ee eh swere applied for the effect of second. 
a Lill of Ett EL an order neutrons over the whole energy- 

” 09-001 001 01 eicieiel 13 10 range, and for resolution in the 
Neutron energy (eV.) neighbourhood of the I-l-eV. and 

Fig. 1. Observed total cross-section of zirconia as a function of neutron energy 2-2-0\ - Fesonances. The ar GRE 
resolution corrections applied were 


Uncertainties in previous measurements of these 
cross-sections were due to the difficulty of separating 
zirconium and hafnium. An analysis of our zirconia 
sample (6-92 gm./cm.*) showed a hafnia impurity of 
0-075 per cent by weight, and analysis of the hafnia 
sample (0-818 gm./cm.*) showed a hafnia content of 
92 + 1 per cent, the principal impurity being zir- 
conia. After cross-section measurements had been 
made with both samples, corrections were applied 
for the impurities. 

The total cross-section of zirconia is shown plotted 
as « function of neutron energy in Fig. 1. The 
irregularities between 0-004 eV. and 0-07 eV. 
are due to crystal diffraction effects. Between 0-07 
eV. and 10 eV. the cross-section has an approximately 
constant value of 14-6 + 0-2 barns. Using the recent 
determination by Melkonian! of the total cross-section 
of oxygen (3-73 + 0-04 barns), we obtain a value 
of 7-1 + 0-3 barns for the zirconium scattering cross- 
section. A value of 6-8 barns has been quoted by 
Havens and Taylor* with no error assigned. The 
absorption cross-section is too small to be determined 
from the slope of the straight line. 

The total cross-section of hafnia below 0-1 eV. is 
plotted in Fig. 2 as a function of neutron time-of- 
flight. Crystal diffraction effects and the absorption 
due to the oxygen are negligible, so that the absorp- 
tion cross-section of hafnium may be determined 
from the slope of the straight line. It is given by 





7 and 17 per cent respectively. 

The solid line in Fig. 3 is a theoretical curve 
obtained by summing two single-level Breit-Wigner 
formule using the constants given below, 4-7/4/E£ 
barns contributed by the higher energy-levels, and 
@ constant scattering term of 15 barns. 

The estimated constants for the first two levels are : 
Er = 1104005 eV.; o = 3,300+200 barns; 0-12+0-02 eV. 
Ey, = 2-°20+0-08 eV.; o, = 3,400+200 barns; [ = 0:17+0-03 eV. 
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7-6-eV. levels. Our values of o,I* for the first two 
levels are thus 50 + 10 barns eV.* and 100 + 20 barns 
eV.* respectively. Havens and Taylor* have quoted 
the following values for the four levels : 


Er l-levV oJ. 100 barns eV.? 
E, 2-2 eV. o,t" = 150 barns eV." 
Er 5-6 eV o,t" = 200 barns eV." 
Er, 76 eV uf" = 800 barns eV." 


The contribution to the absorption cross-section at 
0-025 eV. of the first two levels only, deduced from 
these values of o,I*, is 210 barns. The measured 
values of the absorption cross-section are all appre- 
ciably lower. Until the publication of the experi- 
mental results from which Havens and Taylor’s 
values of o,I are estimated, no conclusions as to the 
relative reliability of these conflicting values can be 
made. 
Note added in proof. Further chemical analysis 
of the hafnia sample has shown a hafnia content of 
98-0 + 0-5 per cent. Thus the above values of the 
hafnium cross-section are systemaiically 6 per cent 
too high. 
P. A. EGELSTAFF 
B. T. Tayior 

Atomic Energy Research Establishment, 

Harwell, Nr. Didcot, Berks. 
Jan. 12. 

* Melkonian, Phys. Rev., 76, 1750 (1949). 

* Havens and Taylor, Nucleonics, 6, 66 (1950). 

* Colmer and Littler, Proc. Pays. Soc., 63, 1175 (1950) 

*O.R.N.L., 366. 


* Harris, et al., Phys. Rev., 80, 342 (1950). 


Atomic Nitrogen in Auroras 


THE presence of atomic nitrogen’ in auroras is 
now proved beyond doubt by the identifications 
of the forbidden lines 4 3466 (*?P — 4S) and ’ 5200- 
5198 (2D — 4S). No specific processes for the dissocia- 
tion of the nitrogen molecules or for the excitation 
of the nitrogen atoms appear to have been yet 
suggested. It is the purpose of this communication 
to show that dissociative recombination of N,*+(X’) 
ions, as shown in reaction (1), can, at the same time, 
cause dissociation of nitrogen molecules and excita- 
tion of the resulting nitrogen atoms to the required 
metastable states. 

In the reaction : 

N,t+(X’) + e — N(?P) + N(*D), (1) 
there is almost exact resonance if the dissociation 
energy of molecular nitrogen be that as given by 
Gaydon’ (9-76 eV.). The energy supplied by the left- 
hand side is 15-58 eV. (first ionization potential), the 
N,+(X’) ion being in the lowest vibrational level 
(v’ = 0). The energy demanded by the right-hand 
side is 15-69 eV., being the total of those required 
for dissociating the nitrogen molecule (9-76 eV.), for 
exciting one nitrogen atom to the *P state (3-56 eV.) 
and for exciting the other atom to the *D state 
(2-37 eV.). The demand is thus slightly in excess 
of the supply. But, as the first negative bands in 
the auroral spectrum show, the excited N,+(A’) ions, 
from which these bands originate, are left, after 
emission, not only in the lowest vibrational level (v” = 0) 
of the ground-state N,+(X’), but also in the higher 
levels (v” = 1, 2, etc.). It is further known that the 
N,+ (X’) ions in these low vibrational levels have 
fairly long life. The dissociative recombination thus 
takes place with N,*+ (X’) ions which are in the 
vibrational levels v” = 1, 2 and loaded with energy 
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slightly in excess of that demanded by the reaction, 
and has thus a very high probability. The emission 
of the atomic nitrogen lines from the aurora is thus 
explained. 

There is an alternative process of neutralization 
of the N,+ ions when negative ions of atomic oxygen 
are present. This is by electron transfer, as in re- 
action (2): 

N,t (X’) + O- + N,(B) + O('S), (2) 
for which there is also energy balance. This process 
was suggested by me‘ some time ago to explain the 
emissions of the observed molecular nitrogen band- 
systems and the forbidden atomic oxygen lines in the 
night-sky spectrum. (The same process had also been 
suggested independently by Nicolet*®.) The process 
is not incompatible with reaction (1), because, in the 
quiet night sky, most of the N,*+ (X’) ions are in 
the lowest vibrational level. Hence, though both 
electrons and N,* ions are present in the region 
where the night-sky light originates, dissociative 
recombination (1) does not take place on account of 
the slight defect in the amount of energy demanded. 
Instead, mutual neutralization, as in reaction (2), 
proceeds. It may be noted that, in this latter re- 
action, N,* (X’) molecules in low vibrational levels 
may also take part. But for such molecules, reaction 
(1) has very much higher probability than reaction (2). 
According to Bates*, the probability of dissociative 
recombination of ionized molecules is very high, of 
the order 10-7 cm.°*/sec. 

It is also now generally agreed that reaction (2) 
may, at least, be one of the processes responsible 
for exciting the auroral spectrum’*. This is quite 
possible, because in the aurora many of the N,* (X’) 
ions are also in the lowest vibrational level. 

The fact that dissociative recombination (1) takes 
place when, and only when, the N,* (X’) ion is not 
in the lowest vibrational level, but in some higher one, 
explains a number of nitrogen afterglow phenomena 
in accordance with the theory of active nitrogen (in 
which the N,+ (X’) ion is the active substance) pro- 
posed by me*® some time ago. This will be discussed 
in a separate communication. It may, however, be 
pointed out here that Kaplan’® also considers that 
the reaction N,+ + e —N (excited) + N (excited) 
plays an important part in the auroral afterglow 
phenomena as studied by him extensively. He, how- 
ever, takes the dissociation energy of molecular 
nitrogen as 7-38 eV. (Herzberg’s value) and assumes 
that both the nitrogen atoms produced are in the 
*P state. 

The possibility of dissociative recombination (1) 
depends, of course, on the correctness of Gaydon’s 
value of the dissociation energy. 

S. K. Mrrra 
Institute of Radio Physics and Electronics, 
University College of Science, 
Calcutta. Jan. 4. 
a a and Dufay, J., “Cahiers de Physique’’, No. 8, 51 


* Bernard, R., Gassiot Committee Report (1947), 91 (Physical Society, 
London, 1948). 

* Gaydon, A. G., Nature, 158, 407 (1944). 
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* Nicolet, M., Ciel et Terre, 61, 287 (1945). 

* Bates, D. R., Phys. Rev., 78, 492 (1950). 

’ Mitra, S. K., Nature, 157, 692 (1946). 

* Bates, D. R., Massey, H. 8S. W., and Pearse, R. W. G., Gassiot 
Committee Report (1947), 97 (Physical Society, London, 1948). 

* Mitra, S. K., “Active Nitrogen—A New Theory” (Jovkissen Mooker- 
jee Medal Lecture), Ind. Assoc. Cultiv. Sci., Jadavpur, Calcutta 
(1945); Nature, 154, 212 (1944). 

” Kaplan, J., Phys. Rev., 73, 494 (1948). 
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Ultrasonic Absorption in Carbon 
Disulphide 


In a report' which has just come to our notice, 
R. A. Rapuano describes results obtained for ultra- 
sonic absorption in carbon disulphide in the frequency 
range 75-195 Mc./s., which are complementary to 
initial measurements made by us in the range 
30-75 Me./s. It is shown in the following that the 
combined results are not only consistent among 
themselves, but are also c xmpatible with calculations 
based on the assumption that there is a relaxation 
of the transfer of energy to the degenerate bending 
vibration of the carbon disulphide molecule (funda- 
mental frequency*, v, = 397 ecm.“ (Table 1)). 
Measurements to be made in the near future on the 
temperature-dependence of the ultrasonic absorption 
over the whole frequency-range covering the disper- 
sion will afford a direct check for this assumption. 

It is now well known that the ultrasonic absorption 
arising from a single relaxation process can, theoretic- 


ally, be expressed in the form*: 
@t fife 
u= fem Troe ~ em Tage 
where » = aA is the ultrasonic absorption per wave- 
length, A; tm is the maximal value of zy; w = 2rf is 


the angular frequency ; + = 1/2xf; is the associated 
relaxation time, and f, will be called the ‘character- 
istic frequency’. 

In equation (1), 
wT 
2 (Ya/Ye — 1), (2) 
where y) = Cp,/Cr, and y,, = Cp,./Cr,. are the ratios 
of the effective specific heats at frequencies well 
below and weil above the characteristic frequency 
respectively. These ratios can be given sensible 
values even when other relaxational processes are 
active, so long as the corresponding relaxation times 
are of different orders of magnitude. The change in 
the effective specific heats with increasing frequency 
is due to the fact that the transfer of energy to and 
from a certain internal vibrational or rotational mode 
fails to operate at frequencies somewhat greater than 
the characteristic frequency. If the specific heat 
associated with the internal vibration or rotation be 
called Cj, then 


tm = 


Ci = Cy — Con = (3) 
Further, if it be assumed that all energy-levels above 
the first excited level of the particular mode in ques- 


tion may be disregarded, it can be shown that 


R.exp(—hv/kT ) 
(I+exp(—Avk7) }? 
On the other hand, if the alternative limiting assump- 
tion be made that the transfer of energy to all the 
energy-levels of this mode is characterized by the 
single relaxation time, +, then the Einstein formula 
gives : 


Ce, — Cow: 





Ci = (hv/k7)P = Cimin. (Say). (4) 


R.exp(—hv/kT) 
(l—exp(— —hv/kT) - 
Table 1 has been compiled by substituting in the 


foregoing equations the three frequencies given by 
Herzberg’ fur the vibrational modes of the carbon 


= Cimas. (Say). (5) 





= (hv/kT) 


disulphide molecule and assuming that Cy, and C», 
do not differ appreciably from the usual static specific 
heats. 


In the case of the doublet vibration (v,; = 
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Table 1. (Temperature = 25° C.) 
al | em." | % = 397] », = 657 | », = 1,52 
yay cal./deg./mole 1-633 0-772 0-069 
| Cc; cal./deg./mole 2-951 0-014 0-069 
| Hmmin. | = 3 (Yolve—1)| 0-106 0-046 0-006 
| Mmmax. | = 3 (Yol¥e — 1)| 0-225 | 0-056 0-006 
| 
Ye = op, 18-37 . me ©», - _—— q y Cy, — ~imir 
] = cia? = ; oe = =» 
Cy, 11°13 C,, - Ts Cy, Cin 


397 cm.~') the calculated specific heats have been 
doubled. 

From the experimental point of view, the ultrasonic 
absorption is more conveniently expressed in the form 


(6) 


A 
S = eee 
wf = TFUpe + ® 
where 
ve 
w= 1+ Ufo” 
c is the ultrasonic phase velocity, and the constant. 
B, is the contribution to the absorption of viscosity, 
heat conduction and all relaxation processes having 
a relaxation time much shorter than that of the one 
in question. 


(7) 








Table 2. (Temperature = 25-0° C.) 
Frequency, f (Mc./s.) 29-61 48-50 | 68-70 
Absorption, a/f* x 10" sec.cm.~' | 5030 4136 | 3250 











Substitution in equation (6) of the experimenta, 
values of a/f* obtained at a temperature of 25-0° (| 
by the authors (Table 2) gives 
A = 5,385 x 10-'* sec.*cm.- ; 

B = 428 x 10°" sec.*cm.“'; fe = 72-1 Me./s., 
and these constants have been used in conjunction 
with the equation to provide the curve drawn in the 
accompanying graph. It will be seen that the points 
interpolated to 25° C. from Rapuano’s experimental 
data fit this curve closely. 
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Ultrasonic absorption in carbon disulphide 
O, Authors’ results, through which the theoretical curve is drawn; 
+, Rapuane ont, u interpolated to 25°C.; x, Beddast (ref. 4), 
°¢.: A, Bazulin (ref. 5), 18-19° C 

The experimental value for um calculated from 
equation (7), taking the velocity, c, to be 1-18 x 
10° cm./sec. (Huddart*, allowing for a dispersion of 
~~ 7 per cent, since um/x = 0-07), is found to be 


= 0-23. This compares favourably with the 
theoretical values for the degenerate vibration 
= 397 cm.-'). 
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This relaxation process exhibited by carbon 
disulphide is of special interest since it can be 
correlated with a particular internal vibration of the 
molecule, whereas the similar behaviour of acetic* 
and propionic® acids has not yet been satisfactorily 
explained. 

We are grateful to Dr. B. Szigeti for helpful com- 
ments and discussion, and to Prof. Willis Jackson 
for the interest and support which he has given to 
this work. One of us (J. H. A.) wishes to acknowledge 
a maintenance grant from the Department of Scientific 
and Industrial Research, and the award of a Ferranti 
Scholarship by the Institution of Electrical Engineers. 

Joun LAMB 
J. H. ANDREAE 
Electrical Engineering Department, 
Imperial College of Science and Technology, 
London, 8.W.7. Jan. 12. 
* Rapuano, R. A., Res. Lab. of E.ectronics, Massachusetts Lnstitute 

of Technology, Report No. 151 (April 15, 1950). 

s Mesbeng, 6, “tate ied and Raman Spectra”, 173 (D. van Nostrand, 

* Lamb, J.,and Pinkerton, J. M. M., Proe. Roy. Soe., A, 199, 114 (1949). 
*Huddart, D. H. A., M.Sc. Thesis, London (1950) 

* Bazulin, P., J. Exp. Theor. Phys., U.S.S.R., 8, 457 (1938). 

* Lamb, J., and Huddart, D. H. A., Trans. Farad. Soc., 46, 540 (1950) 
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Excitation of OH- and SH-Band 
Systems in Fluorescence 


Dawsey, Urey and Rice’ claimed to have excited 
the OH-band 3064 A. in fluorescence in hydrogen 


peroxide vapour, the processes involved being: 
H,0, hv, ~ HO + OH* 
OH* — OH hv. 


In these experiments, light from a zinc spark was 
passed through an acetone filter, which removed light 
of wave-lengths shorter than 2 2025, down a quartz 
tube containing hydrogen peroxide vapour and thence 
to the slit of the spectrograph. The OH-band ap- 
peared weakly against a spark ‘background’, the 
intensity of which in this region was partly reduced 
by the acetone filter. No exposure-time was given, 
and it is to be supposed that the spark was running 
in air. 

The elimination of wave-lengths shorter than 
4 2025 in this experiment is support for a value of 
about -35 keal. for the O—O band dissociation energy 
in hydrogen peroxide which was then current. Walsh* 
has derived from thermo-chemical data a value of 
56 keal., which would correspond to a long wave- 
length limit for the excitation of this fluorescence at 
about 1900 A. 

The apparatus and spectrograph used in the present 
experiments is similar to that previously described’. 
Light from a powerful hydrogen discharge tube passed 
through a l-mm. crystal quartz window (trans- 
parency known, from other experiments, to be good 
at 1850 A.) into a glass fluorescence cell through 
which hydrogen peroxide vapour was pumped con- 
tinuously at a pressure of a few tenths of 1 mm. 
The fluorescence was observed at right angles to the 
path of the exciting beam. 

Under these conditions, the OH-band at 3064 A. 
was recorded in 1 hr. and gave a well-exposed plate 
in 2} hr. (using fast ortho plates and a slit of width 
0-04 mm.). The fluorescence could be excited with 


an enclosed zinc spark running in nitrogen when a 
fluorite window was used, but could not be excited 
through a quartz window or when the spark was run 
in air. 
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43064 = 


OH band; 43064; excited from H,0; 
those given by Fortrat. 
narrow slit. 


The m values are 
(1) 40-min. exposure on process plate ; 
(2) 34-hr. exposure on fast ortho plate; wide slit 


x 21. 


These observations are in agreement with the 
thermal data, and suggest that the fluorescence re- 
ported by Dawsey, Urey and Rice was an artefact. 

The intensity distribution was markedly different 
when excited from hydrogen peroxide, as shown in 
the accompanying spectra. Identifying the doublets 
by Fortrat’s values‘ of m, the highest member visible 
is 20 in the spectrum emitted from water, whereas 
with hydrogen peroxide 28 is clearly recorded, 
although the head of the band is very much weaker. 
A similar intensity distribution has been observed by 
Lyman! in the band from a high-frequency discharge 
through water vapour in the presence of several mm. 
pressure of helium. 

The SH-band at 3236 A. was first observed in 
absorption by Lewis and White* in hydrogen sulphide 
which had been partially decomposed by an electric 
discharge, and was later observed by Gaydon and 
Whittingham’ in hydrocarbon flames containing 
oxides of sulphur. 

This band has been excited as a fluorescence from 
hydrogen sulphide with the hydrogen discharge 
through a fluorite window. The intensity was only 
about one-hundredth of that of the OH-band from 
water. Heads were observed at 3238, 3242 and 
3280 A. Lewis and White give 3236-6A. (R,), 
3240-7 A. (Q,) and 3279-1 A. (Q,). 

P. J. DyxE 
D. W. G. STYLE 
King’s College, 

University of London, 

Strand, W.C.2. Feb. 18. 

1 Dawsey, Urey and Rice, J. Amer. Chem. Soc., 61, 1371 (1929). 

* Walsh, J. Chem. Soc., 331 (1948). 

* Dyne and Style, Discuss. Farad. Soc., 2, 159 (1947). 

* Fortrat, J. Phys., 5, 20 (1924). 

* Lyman, Pays. Rev., 58, 379 (1938). 

* Lewis and White, Phys. Rev., 55, 894 (1939). 

* Gaydon and Whittingham, Proc. Roy. Soc., A, 189, 313 (1947). 


Relation of Changes in the Cementite 
Curie Temperature to Textural 
Strains in Steel 

Andrew, Lee and Fang' have shown that, when a 
carbon steel is plastically deformed, changes occur 
in the apparent cementite Curie temperature. The 
characteristics of the modified magnetic saturation 
intensity/temperature relationship (curve 2 in the 
graph) resemble those observed in the case of heat- 
treated carbon steels: in the latter case, this be- 
haviour has been ascribed to the initial precipitation 
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of a carbide having a structure different from 
cementite*. In an X-ray crystallographic examina- 
tion of severely deformed high-carbon steels*, we 
found no evidence of a new carbide phase, but noted 
that the textural stress system, set up between 
ferrite and cementite as a result of cold working, 
imposed high strains on the cementite particles. 

Variations of the cementite Curie temperature 
relationship in a series of cold-worked steels have been 
explored using a thermo-magnetic balance similar to 
that developed by Sucksmith*. The results do not 
support an explanation in terms of the production 
of a new carbide phase. It appears that all the 
cementite present is changed to some extent by even 
moderate cold-working, and it is the extent of the 
change, not the proportion of cementite affected, 
which varies with the degree of deformation. On 
reheating, progressive recovery towards the normal 
cementite Curie temperature occurs in the tempera- 
ture-range in which textural strains are relaxed. 

It seemed possible that changes in interatomic 
distances in the carbide structure, due to the textural 
stresses, might in themselves sufficiently modify the 
exchange interaction factor to give rise to the observed 
changes in Curie temperature. 
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Partial recovery of cementite Curie point due to ‘back-straining’. 

Steel (1-26 per cent carbon); fine pearlitic structure. (1) Unde- 

formed material ; (2) compressed 80 per cent (three specimens) ; 

(3) compressed 80 per cent and ‘back strained’. (Three specimens 

‘back strained’ 4, 6 and 8 per cent of the original deformation 
respectively) 


Experiments were devised to test this hypothesis. 
It was demonstrated that the change is, to some 
extent, mechanically reversible. Six similar specimens 
were cut from a high-carbon steel compression piece 
which had received 80 per cent reduction. In the 
graph, curve 1 represents the saturation intensity/ 
temperature relationship of the undeformed material ; 
eurve 2 that of the first group of three specimens, 
tested after receiving 80 per cent reduction; and 
curve 3 that of the second group of three specimens, 
compressed 80 per cent and then ‘back strained’ (that 
is, a second deformation was applied which was 
directionally opposite to the first). It was found 
that the maximum degree of recovery was obtained 
after a ‘back strain’ which was small relative to the 
original deformation. 

Apart from the change of Curie point, probably 
there is, as a result of cold working, a small increase 
in saturation value which is not mechanically 
reversible. This may be caused by an increase 
in the amount of carbon associated with distorted 
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ferrite (compare mechanisms suggested by Cottre!|® 
and Snoek‘). 

Using a solenoid method of magnetization, a small, 
immediately reversible, displacement of the cementite 
Curie temperature may be observed when a stee! is 
strained in the elastic range by means of an externally 
applied stress. An increase of 6°-8° C. in this Curie 
temperature was observed in a high-carbon steel when 
a tensile stress of 60 tons/sq. in. was applied. This 
displacement is small in comparison with those 
observed in some cold-worked samples, implying 
that textural stresses in cementite may be large com- 
pared with 60 tons/sq. in. 

X-ray examination supports this. In a severely 
cold-worked carbon steel of fine microstructure, 
evidence of mean compressive strains in the cementite 
of the order of 1-5 per cent have been observed in 
the direction of compression. Here the directional 
component of the residual strain system has been 
considered ; but the magnitude of the Curie point 
change is probably dependent on the combined in. 
fluence of all the strains present. 

It is concluded that this change of cementite Curie 
point ma: form the basis of a method for investigating 
fine-scale textural stresses in steels, particularly in 
the case of technically important high-strength 
materials. 

I wish to thank the British Iron and Steel Research 
Association for financial assistance, and Prof. J. H. 
Andrew for invaluable help and advive. 
Da Vv. 
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Department of Metallurgy, 
University, Sheffield. Feb. 2. 


' Andrew, J. H., Lee, H., and Fang, B., J. Iron and Steel Inst., 165 
Pt. 2, 160 (1950). 

* Antia, D. P., Fletcher, 8. G., 
Metals, 32, 290 (1944). 

* Andrew, J. H., Lee, H., and Wilson, D. V., J. Iron and Steel Inat., 
165, Pt. 4, 379 (1950). 

* Sucksmith, W., Proce. Roy. Soc., A, 170, 551 (1939). 

* Cottrell, A. H., Report of Conference on Strength oi Solids, Physical 
Society, 30 (1948). 

* Snoek, J. L., Physica, 8, 711 and 734 (1941). 


and Cohen, M., Trans. Amer. Soe, 





Digestion in Tilapia esculenta 


Tilapia esculenta is abundant in Lake Victoria, 
and is the most important food fish in this area. 
It has been stated’ that this fish feeds on phyto- 
plankton. However, further investigations were 
undertaken, and the contents of stomach and rectum 
of the same specimen were examined and compared 
in a large number of fish taken at weekly intervals 
during the whole of 1950. A consideration of these 
results has led to the conclusion that only the diatom 
members of the phytoplankton are digested, whereas 
the Blue-Green and Green Alge pass undigested 
through the gut. 

Fig. 1 illustrates the phytoplankton of Lake 
Victoria, Figs. 2 and 3 the contents of the stomach 
and rectum of a freshly caught 7’. esculenta. The long 
filaments of Melosira which are found in the lake 
plankton are usually broken into short lengths not 
more than twelve cells long by the filtering mech- 
anism of the fish. 

The plankton after filtration is passed into the 
stomach together with large quantities of mucus. 
There does not appear to be any digestion in the 
stomach. This organ, which can be distended to a 
very large size, seems to function merely for storage, 
prior to digestion and assimilation in the duodenum 
and intestine. The feces are passed as compact 
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(1) Phytoplankton from Lake Victoria showing long fllaments of Melosira, 
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Surriella, Pediastrum aud Microcystis 


(2) Contents from the stomach of Tilapia — showing broken filaments of Melosira and colonies of Pediastrum and Microcystis, 


together with much mucilage produced by the fi 


(3) Cm from yt  -- of Sy were n showing empty frustules of Melosira, Surriella and other diatoms, and undigested 
a 


colonies of 





strum 


cylinders containing undamaged colonies of Blue- 
Green and Green Alg», and large numbers of empty 
diatom frustules. 

One of the main differences between diatoms and 
other Alge lies in the nature of the cell wall. The 
protoplasm of the diatom is not protected by its 
siliceous skeleton from the digestive enzymes of 
Tilapia, whereas the matrix and cellulose surround- 
ing the cells of Microcystis and the Green Alge are 
apparentiy impervious to these enzymes. Some 
experimental work has been started on the isolated 
digestive juices of 7’. esculenta, and the results so far 
support the above contention that the diatoms 
only are digested. It is hoped, shortly, to demonstrate 
whether the undigested Alge are still viable or not 
by growing cultures from the contents of the rectum. 

It is doubtful whether this limitation to the diges- 
tive capabilities of 7. esculenta affects its growth 
here in Lake Victoria, as the proportion of diatoms 
to other members of the phytoplankton is very high. 
However, there are certain dams and lakes in which 
the Tilapia are in poor condition and remain under- 
sized. Examination of the water has shown that the 
proportion of diatoms to other plankton is very low, 
and it is probably this lack of diatoms which is limit- 
ing the growth of Tilapia in many instances. In 
some cases the water is green with phytoplankton 
and the Tilapia are feeding heavily; but due to the 
small numbers of diatoms present the fish are, in 
fact, starving. 

I wish to express my thanks to the Director of 
East African Fisheries Research Organization, and 
to the other members of the staff, for stimulating dis- 
cussion and encouragement during the course of these 
investigations, and to Mr. A. C. Ward for his valuable 
help in the preparation of the photomicrographs. 

G. R. Fis 
East African Fisheries, 
Research Laboratory, 
P.O. Box, 343, Jinja, Uganda. 
Jan. -. 


’ Worthington, E. B., “A Report on the Fisheries of Uganda’’ (Crown 
Agents for the Colonie London, 1932). Graham, M., “A Report 
on the Fishing Survey of of Lake Victoria, 1927- "1928". (Crown 
Agents for the “colonies, London, 1929.) 


Do the Naticidz Drill by Mechanical or by 
Chemical Means ? 


THe ability of marine prosobranchs (Nucella. 
Ocinebra, Natica) to drill holes in the shells of other 
mollusca, afterwards introducing their proboscis to 
suck out the soft parts of their victims, has been 
known by man during the past two thousand or so 
years'. Nevertheless, it has still not been decided 
whether this drilling takes place by mechanical 
means only or whether a secretion of acid from the 
pharynx, the salivary glands or (in the Naticidz) 
from the so-called boring gland takes in the 
process. Schiemenz*, Hirsch*, Boettger*, and Ankel®.* 
are all of opinion that secretion is active during drill- 
ing, whereas Fischer’? and Pelseneer® feel convinced 
that drilling is carried out with the radula, that is. 
by mechanical means only. 

Those who believe that chemical means are active, 
however, have never been able to prove directly that 
acid or a supposed specific ferment (for example, 
calease) plays any part in the drilling process proper. 
It is further known from the east coast of the United 
States that a single Natica is able to drill and suck 
out twenty-six clams (Mya arenaria) per month’, 
thus using 27} hr. at most to drill and eat a single 
victim. This space of time is so short that a weak 
solution of acid such as might be secreted by a living 
gastropod could be of little or no effect in drilling 
as compared with the effect of the radula. Thus, 
judging from the facts hitherto known, it seems 
reasonable to regard mechanical drilling as most 
important. 

The holes drilled by the Naticidw are very uniform 
and characteristic. They differ from those drilled by 
other prosobranchs in their obtuse-conical shape, 
being narrowest at the bottom. Seven empty egg 
capsules of the ray, Raia fylle, and thirteen empty 
capsules of Raia radiata, taken at 460 m. depth in 
the Davis Strait and kept in a dry condition in the 
Copenhagen Museum, show in their walls circular 
holes of a strikingly uniform shape, 0-75-2-50 mm. 
in diameter. These holes no doubt were made by 
animals which have used them to obtain the rich 
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food supply inside, namely, a yolk mass nearly as 
large as a hen’s egg, and the regular shape of the 
holes seems to show that they were all made by the 
same kind of animal. No animals living in the depths 
of the Davis Strait other than carnivorous - 
branchs can be suspected of having made the holes, 
and only two species of prosobranchs known to drill 
such holes are common in the area where the ray 
egg capsules were taken, namely, Natica (= Polynices) 
affinis and Lunatia pallida. Furthermore, the holes 
drilled in the ray egg capsules were of the size and 
shape typical of holes drilled by these two Naticide, 
and an examination at high magnification showed 
several vertical furrows on the funnel-shaped de- 
pression around each hole made by a sharp tool, 
most probably the radula of a gastropod. It seems 
reasonable, therefore, to assume that the holes were 
drilled by one or both species of those Naticide. 
The chemical composition of the horny walls of ray 
egg capsules proves that they are highly resistant to 
acids, and a direct exposure of one and the same 
spot of a capsule to a 1 or 2 per cent solution of sulph- 
uric acid was without any effect. 

In the well-examined fjord area of Scoresby Sound, 
East Greenland, an empty egg capsule of the proso- 
branch Sipho (= Colus) curtus was found to be 
pierced by two obtuse-conical holes which Thorson’, 
familiar with the fauna of this area, described, figured 
and identified as the boring holes of Natica affnis 
or Lunatia pallida, that is, the same two species 
suspected of having drilled the holes in the Raia 
capsules. The holes in the Sipho capsules, in size 
as well as shape closely similar to those drilled 
by the same two naticids in molluscan shells from 
the same localities, have now been re-examined and 
showed very distinct markings of radula teeth along 
their margins and in their conical walls (see 
diagram). The Sipho capsules, like the Raia 
capsules, were unaffected by 1 and 2 per cent 
solutions of acids. 

Hence two cases are known in which naticids have 
been able to drill regular, circular holes (in the Sipho 
eapsules even with the obtuse-conical walls so char- 
acteristic of Natica holes) through horny walls resist- 











7mm. 
Hole drilled by Natica afinis or ida in the wall of 
the horny egg capsule of the gastropod S: curtus. arrows 
indicate places where the marki caused by the radula teeth 
are distinct 
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ant to acids, and in which the markings of mechanic::| 
tools, the radula, are distinct. These holes are .f 
exactly the same shape and size as those drilled by 
the same species of naticids through the calcareous 
shells of lamellibranchs. It seems reasonable, the: 
fore, to assume that drilling in Naticide takes place 
by mechanical means only. 
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Experimental Production of Super- 
numerary Fore Limbs in Triturus 
teniatus 


DURING experiments designed for a purpose remote 
from the subject of this communication, we had tried 
to remove from a young neurula of T'riturus teeniatus 
the fore part of the presumptive area of the spinal 
cord and to replace it by epiblast taken from the 
flank of a germ of the same age. As the presumptive 
notochord adheres rather firmly to the overlapping 
neurectoblast, hoth were torn away together in two 
experiments ofMhis series. In spite of this accident, 
we decided nevertheless to cover the wound by 
epiblast of a donor’s flank. To our surprise, two 
symmetrical protuberances looking like fore-limb 
buds appeared soon after at the place which had 
been interfered with. They gradually developed into 
normally shaped supernumerary limbs conjointly 
with the normal fore legs. 

As the result of this fortuitous observation, we 
repeated the same type of experiment (see diagram) on 
purpose. Of a total of twenty-two embryos treated 
in this way, seven showed completely developed 
supernumerary legs. In eleven other experiments 
we obtained one or two supernumerary rudimentary 
limbs consisting of a compact and slightly differ- 
entiated blastem covered by epiblast and bulging 
out at the surface. In one case we found only a 
smali nodule of cartilage. Three experiments gave 
negative results. 

Microscopical examination shows that the fully 
developed supernumerary limbs contain the same 
cartilaginous structures as the normal fore limb. The 
humerus articulates with a basal piece of cartilage 
that is united to a certain extent with the primary 
pectoral girdle of the larva. In other cases the 
humerus articulates directly with the scapula. The 
supernumerary limb contains dorsal and ventral 
muscles. 

When in other experiments we did not remove 
the notochord, or when we intervened in the area 
of the rhombencephalon or on more posterior 
parts of the medulla, no supernumerary limbs 
appeared. 

From a perusal of the literature, it seems that only 
L. W. Poiezhayev has made a rather similar experi- 
ment, to which he alludes briefly in his text-book". 
He extirpated the front part of the medulla, the 
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underlying notochord and the somites (from the third 
to the sixth). Polezhayev’s experiments seem to have 
been performed on older embryos than ours, at a 
time when the organs mentioned above are already 
formed ; nevertheless, he also obtained supernumer- 
ary limbs, but so far as we can judge from a figure in 
his book, they were rather rudimentary. 

The interpretation of our results can for the present 
only be hypothetical. It looks as if the supernumerary 
limb is formed by mesoblastic material which is 
located dorsally to the limb-forming area and by the 
overlapping epiblast. It does not seem likely that 
under the experimental conditions outlined here this 
material is submitted to the action of an unaccus- 
tomed inductor. It is suggested that this material 

rather some intrinsic limb-forming ability, 
normally inhibited by the system of the mid-dorsal 
axial organs, which ‘s endowed with a higher potential. 
The extirpation of shis inhibiting system appears to 
liberate the limb-forming ability of the mesoblastic 
material under discussion and enables it to form a 
well-differentiated limb after an early intervention, 
or only a rudimentary one after a later intervention, 


J. FAuTREZ 
Institute of Anatomy, 
University, Ghent. 
* Polezhayev, L. W., “The Elements of the Physiology of Develop- 


ment of the Vertebrates’’ (in Russian) (Moscou-Leningrad : 
Acad. Sci. U.R.S.S., 1945). 


Intra-Litter Replication in Biological 
Assays 


At a meeting of the Biometric Society in March 
1950 ', one of us (E.C.W.) presented a paper on 
the analysis of biological assays when there is replica- 
tion of doses within litters. In that paper, and in 
the subsequent discussion, we both strongly upheld 
the view that the calculation of the fiducial limits to 
the estimate of relative potency must be based upon 
@ mean square from the doses x litters interaction 
in the analysis of variance, and not upon the intra- 
litter mean square. This appearec to follow by 
analogy with the accepted practice for tests of 
significance in the analysis of experiments. 
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A recent re-examination of the question (by 
D. J. F.) has disclosed that we were mistaken, as an 
example will make clear. Suppose that a symmetrical 
4-point assay is performed with the aid of K litters 
of eight animals each, two animals being assigned to 
each dose. The logarithm of the relative potency of 
the test preparation relative to the standard is 
estimated as the ratio of the difference between the 
mean responses for the two preparations to the 
regression coefficient of response on log dose; in 
the familiar notation, 


et 
Pa y 5 Ys . (1) 
The sensitivity of animals to the material under 
assay is likely to vary from litter to litter; the true 
value of the regression coefficient will vary inversely 
as this sensitivity, and the value calculated from the 
data for use in equation (1) will be an estimate of the 
average over all litters. Provided that the assay is 
fundamentally valid*, however, the true relative 
potency must be constant and independent of litters : 
consequently, except for the effects of experimental 
error, the ‘preparations’ difference (yz — ys) for the 
separate litters must vary in proportion to the 
regression coefficient. In othér words, estimates of 
the ‘preparations’ difference and the regression 
coefficient for the K litters will be positively corre- 
lated, and their ratio will be more stable than the 
variance of either one might suggest. 

As a mathematical model, the true regression 
equation of response on log dose in litter i may be 
taken as 


Yi = a + Bix%, (2) 
where «; and 8; may vary from litter to litter. Study 
of the analysis of variance shows that both the 
Variance of the mean difference between preparations 
and that of the mean regression coefficient, as 
estimated from the assay, are dependent upon the 
variance of the 8; as well as upon o*, the residual 
intra-litter variance. The variance of M, and the 
fiducial limits for M calculated by means of Fieller’s 
theorem on the limits of a ratio**, however, are 
found to depend only on o* and to be exactly the 
same as if the variance of the 8; were zero. In the 
calculation of fiducial limits for the potency estimate, 
whether from the variance of M or more correctly 
by Fieller’s method, the intra-litter mean square 
ought therefore to be used. 

Most assays with litter-mate restrictions have only 
one animal from each litter at each dose. In the 
analysis of variance for these, the so-called ‘error’ 
component is in reality an interaction of doses and 
litters. Its use in the calculation of fiducial limits 
will therefore tend to space the limits too widely, 
unless all litters are equal in sensitivity, so making 
8; constant. This may be overcome by removing the 
‘preparations’ x litters and the regression x litters 
constituents of the interaction, since, if the analysis 
be statistically valid*, the mean square from the 
remainder has the desired expectation, o*; un- 
fortunately, such a procedure will often leave very 
few degrees of freedom for the estimation of o*. 

A fuller account of this rather surprising feature 
of potency estimation will be published elsewhere. 
We wish to emphasize here that our findings have no 
bearing or the use of interaction mean squares for 
significance tests in such cases as the analysis of field 
experiments : there the procedure is perfectly correct ; 
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but the central importance of ratios in bio-assay has 
the consequence that we describe. 
D. J. Fryney 
Lectureship in the Design and Analysis 
of Scientific Experiment, 
91 Banbury Road, 
Oxford. 
E. C. Woop 
Clarence House, 
Clarence Road, 
Norwich. 
March 10. 
' Gridgeman, N. T., Nature, 165, 843 (1950). 


* Jerne, N. K., and Wood, E. C., Biometrics, 5, 273 (1949), “=~ 


* Fieller, E. C., Quart. J. Pharm. and Pharmacol., 17, 117 (1944). 
* Burn, J. H., Finney, D. J., and Goodwin, L. G., “Biological Standard - 
ization”, 83 (1950). 


Physiological Activity of Insulin 
Dialysate by Mouth 


RECENT studies in the chemistry of insulin' have 
aroused interest in the pharmacological possibilities 
of the smaller yet physiologically active submolecules. 
It has already been shown’ that ultrafiltration of 
commercial insulin yields an ultrafiltrate with a 
physiological activity ‘of about 10-20 per cent of the 
strength of the original solution. According to 
Lasch*, the ultrafiltrate is active even by mouth, 
when protected by organic dyes against enzymic 
destruction in the alimentary tract. 

We found that by dialysis, using a ‘Cellophane’ 
membrane pervious to ordinary crystalloids, but not 
to myoglobin or Bence—Jones protein, some of the 
activity of the insulin solution was transferred to the 
dialysate. The latter was found to be physiologically 
active on subcutaneous and intravenous injection, and 
appeared to possess about 10 per cent of the activity 
of the original insulin solution. 

We then proceeded to assess the activity of the 
dialysate by mouth. Dialysate estimated on the 
above basis to contain 20, 50 and 100 units of insulin 
per dose was given by stomach tube to fifteen fasting 
normal and alloxan-diabetic rabbits, in twenty-one 
experiments. Blood-sugar estimations were carried 
out hourly for five hours by the Harding modification 
of the Schaffer Hartmann method‘. In ten cases, the 
organic dyes, congo red and malachite green, in doses 
of 100 mgm. each, were added to the dialysate’. 
Eleven tests were carried out with 20 estimated units 
of insulin, with and without dyes. In only one 
alloxan-diabetic rabbit, given dialysate with dyes, 
was a significant fall in the blood-sugar level obServed 
four hours after intubation. Of six animals given 
50 estimated units of insulin, three—one of which 
hed dialysate with dyes—showed a lowering of the 
blood sugar occurring 2-4 hr. after the dose. In 
the four cases in which 100 estimated units of insulin 
were given, a significant hypoglycemic effect with 
convulsions was observed in three cases, two hours 
after intubation. Two of these animals had received 
dyes in addition. 

Four normal and one diabetic human, after fasting 
for 12 hr., drank dialysate containing 20, 50 and 100 
estimated units of insulin. One human had dialysate 
with dyes. No lowering of blood-sugar effect was 
observed. 

Discussion. Chibnall* carried out a complete amino- 
acid analysis of bovine insulin, and his results suggested 
the existence of a sub-unit of the insulin molecule of 
molecular weight 12,000. Guttfreund’ showed that 
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the insulin molecule of molecular weight about 48,01.) 
is composed of four identical submolecules of mo! 
cular weight 12,000, three of which form the cryst | 
unit cell, while four associate normally in solutio:. 
This latter association is reversible, depending up: 1 
protein concentration and pH. Fragments of insu! 
of molecular weight less than 12,000 obtained |y 
enzymic degradation have not been found to shi w 
physiological activity*. Though it is possible that t/.« 
physiological activity of insulin is due to a particular 
grouping within the molecule, there is at present 1.0 
evidence to suggest that it is capable of an indepen: i- 
ent existence away from the rest of the protein. It 5 
therefore more likely that the insulin activity in our 
dialysate is due to submolecules of molecular sive 
12,000 being able to pass through the pores of tl: 
‘Cellophane’ membrane. 

We have shown that an insulin dialysate could be 
active by mouth in rabbits. However, the effect 
observed was out of proportion to the number vf 
estimated units of insulin used. Moreover, the results 
were inconstant, and the dose response variable, 
though the likelihood of absorption appeared to 
increase with the size of the dose. On three occasions 
we were able to produce hypoglycemic convulsions 
with insulin dialysate by mouth. The diversity of 
our results, even when using the same dose, might be 
explained by the fact that rabbits may retain food 
residues in their stomachs for well over twenty-four 
hours after their last meal. Retention of the admin. 
istered insulin dialysate in the stomach would favour 
destruction of insulin activity, while the rapid passage 
through an empty stomach into the duodenum would 
increase the likelihood of absorption, and hence of 
hypoglyczmic effect. The duodenum has previously 
been shown to absorb insulin well*. In spite of the 
inconstancy of the results, our experiments demon- 
strate that insulin dialysate is capable of absorption 
by the alimentary tract in rabbits. The dialysate 
was not active by mouth in the human being, in 
the doses given, indicating that the insulin was 
destroyed in the stomach. Duodenal intubation was 
not attempted. 

The addition to the dialysate of the organic dyes, 
congo red and malachite green, did not appear to 
protect insulin activity or explain the difference in 
the results, and was thought to be of no value'®"'. 

We wish to express our thanks to Dr. Russell 
Fraser and Dr. C. L. Cope for their advice, and to 
Miss Shirley Looker for her assistance with the 
biochemical estimations. We are also indebted to 
the Diabetic Association for the grant of a Lund 
Research Fellowship to one of us. 

M. Mencer Martin 

Diabetic Department, 

King’s College Hospital, 
Denmark Hill, 
London, 8.E.5. 
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I. C. GILLILAND 
Postgraduate Medical School of London, W.6. 
Jan. 30. 


' Dodds, E. C., Brit. Med. J., ii, 1237 (1950). 

* Lasch, F., Biochem. Z., 297, 244 (1938). 

* Lasch, F., Sag Klin. Wehnschr., 62, 170 (1950). 

* King, E “Microanalysis in Medical Biochemistry” 
London, F007) 

* Lasch, P., "and Schonbrunner, E., Klin. Wehnschr., 17, 1177 (1938) 

* Chibnall, A. C., J. Int. Soc. Leather Chem., 30, 1 (1946). 

’ Guttfreund, H., Biochem. J., 42, 544 (1948). 

* Phillips, D. M. P., Brit. Science News, 2, 198 (1949). 

* Frommel, E., Rev. Med. Suisse Rom., 60, 1109 (1940). 

Driver, R. L., and Murlin, J. R., Amer. J. Physiol., 188, 281 (1941) 
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Mechanical Fragility of Thalassemic 
Erythrocytes 


No. 4257 





incessant buffeting in the circulation, has been con- 
sidered by several authors!»* to be the most important 
factor in the destruction of erythrocytes. This frag- 
mentation was thought to be much increased in 
thalassemia major (Cooley’s anwmia), where poikilo- 
cytosis and schizocytosis are very evident*~*. 


mechanical fragmentation in vitro. 

I have tested the in vitro fragility of normal and 
thalassemic erythrocytes by means of a very simple 
method described elsewhere*: small quantities 
(2 ml.) of oxalated blood are shaken with steel 


' globules for 20 min. in horizontal tubes in a Kahn 


shaker, specimens being removed periodically for 
both an erythrocyte count and photometric de- 
Using ten 
normal and ten thalassemic samples, the following 
results were obtained. 

(1) Traumatization does not produce fragmentation 
of erythrocytes, but hazmolysis; the increase with 
time of solubilized hemoglobin being proportional to 
the decrease of erythrocytes (see graph). 

(2) Thalassemic erythrocytes do not show in- 
creased mechanical fragility to in vitro traumatization ; 
in fact, considering the half-time period of the 
destruction of erythrocytes, I found for normal 
erythrocytes a mean value m = 8-91 + 0-43 min., 
and for thalassemic erythrocytes a mean value 
m = 11°52 + 0-98 min. There is greater variability 
for thalassemic erythrocytes (¢ = 3-11 + 0-69) than 
for normal erythrocytes (sc = 1-38 + 0-30). In 
spite of this greater variability for thalassemic 
erythrocytes, the difference between the mean values 
of half-time periods for normal and thalassemic 
erythrocytes are significant according to the Student— 
Fisher t-test (calculated ¢ = 2:40; given ¢ for 
P =0-05: 2-10). It may then be concluded that 
thalassemic erythrocytes show decreased fragility 
against in vitro traumatization. 

There is consequently no reason for considering 
osmotic and mechanical fragilities as antithetic 
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Erxyturocytic fragmentation, produced by the 


Nevertheless, there are few experimental records of 
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properties (as suggested by some authors®) since both 
are decreased in thalassemia. Moreover, it appears 
unlikely that the increased fragmentation (schizo- 
cytosis) of thalassemic erythrocytes will be due to 
the buffeting in the circulation ; it seems more prob- 
able to be a spontaneous phenomenon, caused by 
intrinsic factors (possibly a changed hxmoglobin-— 
iron linkage, as suggested by Perosa’). This view 
is supported also by the existence of fragments of 
very young erythrocytes (reticulocytes) in the blood 
and bone-marrow of children affected by the disease. 
P. TOLENTINO 
Department of Pediatrics, 
University of Genoa. 
' Rous, P., and Robertson, C. H., J. Exp. Med., 25, 651 (1917). 
* Doan, C. A., and Sabin, F. R., J. Exp. Med., 43, 839 (1926). 
* Cooley, T. B., and Lee, P., Amer. J. Dis. Child., 43, 705 (1932). 
* Bradford, W. L., and Dye, J., J. Pediat., 9, 312 (1936). 
‘Marmont, A., and Bianchi, V., Pathologica, 39. 9 (1947). 
* Tolentino, [., Boll. Soc. It. Biol. Sper., 26, 251 (1950) 
’ Perosa, L., Riforma Med., 68, 807 (1949). 


Formation of 2-keto-0-Gluconic Acid, 
5-keto-p-Gluconic Acid, and Tartronic 
Acid by Acetobacter Species 


THE production of 2-keto-p-gluconic acid from 
glucose and also from gluconic acid by Pseudomonas 
species was at one time considered to be a feature 
which differentiated these organisms from Acetobacter 
species. Befnhauer and co-workers'* showed, how- 
ever, that twelve species of Acetobacter produced from 
glucose a strongly reducing acid which formed a 
soluble calcium salt. They assumed that this sub- 
stance was either 2-ketogluconic acid, or aldehydo- 
gluconic acid, or a mixture of both, because they 
were able, from cultures of A. gluconicum and of 
A. suboxrydans, to isolate and to characterize 2-keto- 
gluconie acid, and because aldehydo-gluconic acid 
was isolated from cultures of A. gluconicum and A. 
xylinum. 

Four years ago, one of us (D. K.) examined the 
glucose metabolism of seventeen species of Acetobacter 
in a medium consisting of glucose (10 per cent w/v) 
in yeast — water in presence of calcium carbonate 
(3 per cent w/v) at 27-30°. All produced a reducing 
acid which was trapped as a soluble calcium salt. 
From the metabolism solutions of cultures of A. 
orleanense, A. pasteurianum, A. acetigenum and A. 
turbidans, 2-keto-p-gluconic acid was isolated and 
was characterized as the potassium salt, as the 
quinoxaline derivative and as the phenylhydrazide 
of its phenylhydrazone. 

We have also established the formation of 5-keto-p- 


* 


gluconic acid in addition to that of the above- 

| mentioned reducing substances in glucose cultures of 
- | A. acetigenum, A. orleanense, A. viscosum, A. kiitz- 
ingianum, A. pasteurianum and A. turbidans. This 

acid was identified by study of its properties and 
behaviour and by ultimate analysis. The production 


s 








of the 5-keto-acid by these species has not hitherto 
been reported. 

In more recent work we have observed that when 
A. acetosum is cultivated in the same medium it 
produces first calcium gluconate; then, if the period 
of incubation is prolonged, a reducing substance 
appears and accumulates. In one experiment the 
cultures of A. acetosum were incubated for one month 
at 30° and afterwards allowed to stand for five 
moaths at room temperature. Neither glucose nor 
gluconic acid could then be detected in the medium. 
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On fractional precipitation with ethanol, however, 
two calcium salts were separated and were shown to 
be those of 2-keto-p-gluconic acic| and of tartronic 
acid, respectively. The former was characterized in 
the form of its quinoxaline derivative, prepared 
according to the directions of Ohle*; m.p. 202-3° 
(deeomp.) uncorrected and unchunged when in 
admixture with the quinoxaline derivative of authen- 
tic 2-keto-p-gluconic acid. Identity was established 
by estimation of carbon, hydrogen and nitrogen. The 
tartronic acid, after liberation from its calcium salt, 
was purified by crystallization from absolute ether. 
{t had a melting point of 163° (decomp.) which was 
not depressed in admixture with tartronic acid (m.p. 
163°, decomp.), prepared by the method of Fenton‘. 
Ultimate analysis and titration established the 
identity. 

So far as we are aware, this is the first instance in 
which tartronic acid has been identified as a product 
of the dissimilation of glucose by microbiological 
agency. 

It is not yet possible to decide whether this pro- 
duction of tartronic acid was effected by living cells 
of A. acetosum or by an enzyme system released from 
autolysed cells of the organism, for many species of 
Acetobacter remain viable for more than one year in 
media containing calcium carbonate. We are now 
studying the enzyme systems involved in the catabol- 
ism of 2-keto-p-gluconate and we hope to report the 
results in detail elsewhere. 

D. KuLKa 
A. N. Hat 
T. K. WALKER 

Chemistry Department, 

College of Technology, 

Manchester 1. Jan. 18. 

* Bernhauer, K., and Gérlich, B., Biochem. Z., 280, 367 (1935). 

* Bernhauer, K., and Knobloch, H., Biochem. Z., 308, 308 (1939). 

* Ried]-Tamov4, E., and Bernhauer, K., Biochem. Z., 320, 472 (1950). 
* Ohle, H., Ber., 67 B, 155 (1934). 

* Fenton, H. J. H., J. Chem. Soe., 78, 71 (1898). 


Effect of Hydroquinone Mono-Benzy! 
Ether on Melanin Formation in vitro 


Ir has been shown that ethyl carbamate, which 
inhibits the tyrosine — tyrosinase reaction, acceler- 
ates the autoxidation of 3,4-dihydroxyphenylalanine 
io melanin’. Other substances known to inhibit the 
tyrosine — tyrosinase reaction have been investigated 
for this accelerating effect. One such substance is 
hydroquinone mono-benzyl ether**. The inhibition 
of the tyrosine — tyrosinase reaction by hydroquinone 
mono-benzyl ether was confirmed, but no evidence 
of any accelerating effect on the autoxidation of 
3,4-dihydroxyphenylalanine was obtained; in fact, 
there was a small but definite degree of inhibition 
of this reaction. 

Peck and Sobotka* have stated that the oxidation 
of tyrosine in the presence of hydroquinone mono- 
benzyl ether, when effected by potato tyrosinase, is 
arrested at the stage of Raper’s ‘red substance’, which 
is the 5,6-orthoquinone of 2,3-dihydroindole-2-carb- 
oxylic acid*. As this substance is quite unstable at 
pH 7-4, their statement is very surprising. They 
also state that hydroquinone mono-benzy] ether itself 
is not affected by potato tyrosinase. The experiment 
described by them has therefore been repeated. 
Two solutions were used, each containing 1 mgm. 
tyrosine in buffer of pH 7-4; solution B also con- 
tained 2 mgm. hydroquinone mono-benzyl ether in 
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ethyl alcohol, solution A the same quantity of alco)hol 
as B but no hydroquinone mono-benzyl ether. 
1 c.c. of potato extract was added to each solution, 
and the reactions allowed to proceed at room tem 
perature without shaking. The results were (naked 
eye observation) : 
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Hours Solution A Solution B 
. a CN eM heii pmeargmanimenteen 
1% No change Deep pink 
4 Very faint pink Red 
12 Melanin Deep red 
24 Melanin Deep red with melanin 


Peck and Sobotka reported no melanin in B after 
12 hr. This was confirmed; but melanin formation 
in this solution appeared to be complete in 24 hr 

Solution B was then filtered and the deep red liquid 
evaporated. A dark red gelatinous substance re. 
mained. This was certainly not melanin, as it was 
easily redissolved in buffer. As this solution, pH 7-4, 
is still deep red, without further deposition of melanin 
or other substances, after a period of three months at 
room temperature, it is equally certain that it is not 
Raper’s ‘red substance’. All attempts to crystallize 
it have failed, so nothing definite about its com. 
position .«a be stated except that it contains carbon, 
oxygen ami hydrogen. The amount of this substance 
produced, as estimated in solution by colorimetry, 
depends on the quantity of hydroquinone mono. 
benzyl ether initially present, and what appears to be 
the same substance is readily obtained from hydro. 
quinone mono-benzyl ether, without the presence of 
tyrosine, by the action of tyrosinase. The tyrosinase 
used was an aqueous extract of crushed potatoes, 
kept under toluol in a refrigerator for fourteen days 
before use. No evidence of autoxidation of hydro- 
quinone mono-benzyl ether was obtained. 

It is concluded, therefore, that hydroquinone mono- 
benzy! ether has an inhibiting effect on the tyrosine - 
tyrosinase reaction, and also on the autoxidation of 
3,4-dihydroxyphenylalanine, but that the inhibition 
is not complete. Melanin formation is only delayed, 
not suppressed. ’ 

The work was carried out with the aid of a grant 
from the Government Grant Committee of the Royal 
Society. 

A. J. Lea 
134 Bispham Road, 
Bispham, Lancashire. 
Feb. 5. 

' Lea, A. J., Brit. J. Cancer, 4, 341 (1950). 
* Peck anc. Sobotka, J. Invest. Derm., 4, 325 (1941). 
* Schwartz, L., Oliver, E. A., and Warren, L. H., U.S. Pub. Health 

Rep., 55, 1111 (1940). 
* Raper, H. 8., Biochem. J., 20, 735 (1926). 


Early History of Chromatography 


Our ‘etter on the history of chromatography’ has 
been commented on inter alia by Zechmeister*, who 
directs attention to one of his papers’ not cited in 
our letter and claims that in this he has done justice 
to Day, whom we have described as the true discoverer 
of chrornatography. Here, however, as in the later 
publication‘ which we did quote, he again names 
Tswett as “the true inventor of chromatography in 
all of its important aspects’. Even in this earlier 
publication’, however, Zechmeister does not quote 
the realy important paper describing Day’s work in 
detail’, and referred to by us in our previous letter 
and elsewhere'*, nor does he pass any comment on 
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it in his letter? ; nor, again, does he comment upon 
the paper by Engler and Albrecht’? to which we 
referred. Both these papers are, however, of the 
utmost importance. Moreover, our own further 
literary researches indicate that the manifold roots 
of chromatography must, accepting Zechmeister’s 
own definition of chromatography‘, be sought even 
earlier than we had supposed. It is important to 
notice that his definition does not include the process 
of development, which appears to have been Tswett’s 
only new contribution. 

Zechmeister contends that Tswett was the true 
discoverer of chromatography, and that the experi- 
ments of Day “might well, under favourable con- 
ditions, have developed into systematic chromato- 
graphy”. Our unchanged opinion is that conditions 
were favourable to Day and that he did, in fact, 
discover and clearly describe a system of adsorptive 
chromatographic analysis which was taken up, 
acknowledged, and improved by other petroleum 
chemists of repute such as Engle’, Herr and Phyala. 

Zechmeister*, and others, are wrong in attributing 
the earliest experiments in controlled capillary 
analysis to Schoenbein, Goppelsroeder’s teacher. 
Credit for this should apparently go to F. F. Runge, 
who as early as 1850* described a method for the 
analysis of mixtures of dyes by applying drops of 
their solution to blotting paper. In 1834, Runge had 
described a simple spot-test for the assaying of 
bleaching solution by applying a drop of the solution 
to a piece of dyed cotton fabric ; in 1842 he intro- 
duced paper impregnated with starch and potassium 
iodide for assaying bleach solutions by a spot-test, 
a method used also by Schoenbein. Runge—and 
later Goppelsroeder—also studied the possibility of 
effecting separations by the capillary ascent of solu- 
tions in blocks of wood"*. It is surprising that Runge’s 
researches on capillary analysis have been so com. 
pletely overlooked. Even Feig]", as recently as 1949, 
ascribes the first spot-test with impregnated paper 
to Schiff, a priority he first accorded to Marauby. 
All this capillary analytical research had its roots, 
however, as Goppelsroeder™ explicitly stated, in the 
long-established practice of the dyeing industry. 
Yagoda™, indeed, quoted a description by Pliny 
of the use of papyrus impregnated with extract of 
gall-nuts for the detection of ferrous sulphate. 

In another comment on our letter, Farradane"™ 
refers to a paper by Reed"*, describing the separation 
of mixtures on porous media other than filter paper. 
Reed’s paper was not referred to by us, as being 
irrelevant. Feigl'' states that Reed “showed that if 
a solution of potassium chromate and potassium 
eosinate, or of ferric chloride and copper sulphate, 
passes through a tube filled with kaolin, the dissulved 
materials are retained in different zones” (our italics). 
In fact, however, we ourselves have been unable to 
find any publication by Reed in which he makes any 
such definite claim ; his descriptions of columns are 
brief and leave it doubtful whether he was using 
true chromatography or merely adsorptive filtration. 
Certainly his success with columns was, by his own 
account, limited. 

We agree with Farradane that a main root of 
adsorption chromatography on columns lies in the 
various early experiments in capillary analysis, the 
roots of which in turn lie in very ancient practice in 
the dyeing industry. Perhaps Tswett’s experiments 
were independent, even though later, offshoots from 
these roots. It is, however, not unlikely that his 
main inspirations were the widely reported work of 
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Day and of Engler and Albrecht, and the adsorptive 
filtration processes then in common use. 
HERBERT WEIL 
17 Provost Road, 
Hampstead, London, N.W.3. 
Trevor I. WILLIaMs 
19 Woodstock Close, 
Oxford. 
April 18. 
‘ Weil, H., and Williams, T. I., Nature, 166, 1000 (1950). 
* Zechmeister, L., Nature, 167; 405 (1951). 
* Zechmeister, L., Ann. N. Y. Acad. Sci., 49, 145 (1948). 


‘ ee, L., “Progress in Chromatography 1938-1947" (London, 
»). 

* Day, D. T., Indust. Tech. Petr. Rer., 
Aug. issue, p. 9. 

* Weil, H., Paint Technology, 14, 391, 439 (1949); Petroleum, 14, 1, 5 
(1951). Parts II-VI in the press; Canad. Chem. and Process 
Indust. (in the press). 

’ Engler, C., and Albrecht, E., Z. anzew. Chemie, 889 (1991). 

* Zechmeister, L., Science, 113, 35 (1951). 

* Runge, F. F., “Farbenchemie”, 1 (1834), 2 (1842) and 8 (1850). 

* Runge, F. F., “Grundriss der Chemie”, 2 (Munich, 1848). 

' Feigl, F., Me of Specific, Selective and Sensitive Reactions” 
(New York, 1949 

** Goppelsroeder, F., ““Mitteilunge n des Technologischen Gewerbe- 
museums in Wien’, Nos. 3 and 4, 86 (1 ). 

™" Vagoda, H., Indust. Ena. Chem., Anal. Edit., 9, 79 (1937). 

 Parradane, J., Nature, 167, 120 (1951). 

* Reed, I... Proc. Chem. Soc., 9, 123 (1893). 
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The ‘Volatile Copper Compound’ and its 
Effect on the Beilstein Test 


In previous publications’? dealing with the 
‘volatile copper compound’, we reported that the 
unstable subliming cuprous salts of fatty acids 
(mainly that of formic acid) gave rise to effects 
which had been attributed to a copper carbonyl. 
(Reference was not made to the relevant work of 
Robinson and Stainthorpe*, as the paper was not 
accessible to us at that time.) These salts proved 
to be the intermediate thermal decomposition pro- 
ducts of the corresponding cupric salts and also 
appeared in undefined circumstances where copper- 
containing materials and decomposing organic sub- 
stances were heated in contact. 

In this connexion, I wish to report the following 
additional observations. When carbon monoxide 
gas was passed over heated cuprous oxide (not cupric 


oxide, as so often in the past) all the phenomena 
attributed to the ‘volatile copper compound’ were 
observed. With careful observation the presence of 


the unstable subliming cuprous formate could always 
be detected simultaneously. The carbon monoxide 
was obtained from oxalic acid. When water was 
removed with calcium chloride, the effect was very 
much reduced although not completely eliminated. 

From these findings I conclude that the ‘volatile 
copper compound’ forms readily from carbon mon- 
oxide and heated cuprous oxide, and consists of 
the unstable subliming cuprous salts of fatty acids. 
Traces of undefined organic impurities and those of 
water can provide the hydrogen necessary. 

It must be pointed out that the above findings 
might necessitate a critical revision of the Beilstein 
test for detecting halogens in organic substances. I 
found that the green coloration of the flame can 
appear wherever the cuprous salts of fatty acids are 
present, and that the formation of these substances 
is quite a common although not an easily observable 
phenomenon. It was known before*® that some 
compounds containing nitrogen, or nftrogen together 
with sulphur, can give positive Beilstein tests even in 
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the complete absence of halogens. The formation of 
a volatile cuprous cyanide or rhodate has been 
assumed. Recently, it has been reported‘ that the 
test proved to be positive with substances which 
contain neither halogen nor nitrogen, as, for example, 
acetyl acetone, and the formation of an unknown 
volatile copper compound has been assumed. I feel 
that the findings reported here may give an explana- 
tion, and that they may be very relevant to the 
validity of the Beilstein test in general. 

I am indebted to Prof. F. Kérésy for his earlier 
collaboration. 

A. KELLER 
139 Barlow Moor Road, 
Manchester. 
Jan. 28. 


* Keller and Kérisy, Nature, 162, 580 (1948). 

* Keller and Korésy, Magyar Technika, 12, 83 (1948). 

* Robinson and Stainthorpe, Nafure, 153, 24 (1944). 

* Milrath, Chem. Z., 38, 1259 (1909). 

* Stolle and Henke-Stark, J. prakt. Chem., (2), 124, 276 (1929). 

* Juretek and Mufik, Coll. Czecho. Chem. Comm., 15, 236 (1950). 


Angstrom (A) or Angstrom (A)? 

Pror. E. A. GuGGENHEIM’s letter in Nature of 
April 14 on the above subject reveals a serious lack 
of correlation between international organizations. 
The International Union of Pure and Applied Physics 
in 1948 and the International Union of Pure and 
Applied Chemistry in 1949 appear to have adopted 
‘A as the abbreviation for the 4ngstrém”’, presumably 
ignoring the fact that the International Astronomical 
Union in 1938 had adopted the symbol “A’”’ to repre- 
sent “angstrom, the international wave-length unit’”’. 
Both the definition of the unit itself and the standard 
tables of wave-lengths measured in terms of it are 
provided by the International Astronomical Union, 
and it would accordingly seem fitting that since 
universal use is made of these data, the name and 
symbol by which they are designated should not be 
violated. 

The principle involved is very simple, and has 
nothing to do with the characteristics of the Swedish 
language. When it is desired to commemorate a 
famous man of science by naming a unit after him, 
it is customary to adopt a word which combines a 
reference to his name with considerations of con- 
venience. Thus the unit of E.m.¥. is called the volt 
(not the Volta), that of capacitance is called the farad 
(not the Faraday), and so on. The modification is, 
of course, particularly desirable when the name con- 
tains letters or signs which appear only in the lan- 
guages of a minority of scientific workers, and the 
word ‘angstrom’ is thus the obvious choice for the unit 
of wave-length. It is noteworthy that the decision 
of 1938 of the International Astronomical Union 
was made at the Stockholm meeting, and no sugges- 
tion of dissent came from the many Swedish men of 
science present. 

It is greatly to be hoped, therefore, that the two 
British bodies which are shortly to report on symbols 
will not be influenced by irrelevant considerations of 
language peculiarities, but will, as Prof. Guggenheim 
indicates, conform with internationally sccepted 
usage. Mr. is certainly right in saying’ that 
the recommendation of the International Astronom- 
ical Union is the one most widely followed. Dr. 
Harrison’s practice, for example, is doubtless not 
determined, as Prof. Guggenheim suggests, by the 
recommendation of the British Committee of 1937 
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but by that of the Union in 1938, since he was chair- 
man of the Commission of that body that made t\.e 
recommendation. 
HERBERT DINGLI 
University College, 
London, W.C.1. 
April 24. 
' Trans. Inter, Astro. Union, 6, 100, 338, 378 (1939). 
* Nature, 167, 245 (1951). 


Biologists in the Modern State 


THE leading article in Nature of April 28 on “‘Biolov-. 
ists in the Modern State” draws attention once more to 
the need for biologists with sound basic training in one 
of the physical sciences. The Agricultural Research 
Council is seriously concerned about the shortage of 
plant and animal physiologists with an adequate 
knowledge of chemistry and physics and of biochem- 
ists with biological experience. Posts in these subjects 
have remained unfilled for long periods owing to lack 
of suitable applicants. It is recognized by the Council 
that it is rarely possible in the course of study for a 
first degree to include adequate training in both 
biological and physical sciences ; and hence applica- 
tions for the Council’s studentships from candidates 
wishing to study biology after graduating in a 
physical science, or to study a physical science more 
thoroughly after training in biology with a physical 
science as a subsidiary subject, are given very 
sympathetic consideration. The Council is at present 
examining the main batch of applications for 1951 ; 
but provision is made for the consideration of applica- 
tions of special merit at any time, and those for 
training of the type set out above would most cer- 
tainly fall into this class. 

The need for the universities to be ahead of know- 
ledge at present applied in agriculture cannot be 
over-stressed. We have to envisage, not the training 
required to meet our present needs, but that which 
will fit students to take their place in research work 
in five or six years. 

From all the many sources available to the Council 
it is abundantly clear that the general trends in 
agricultural research will be such as to call for a 
steadily increasing proportion of workers with bio- 
logical and physical training at the expense of those 
with the narrower background of biology alone. 

There has been in the past two years an increase 
in the number of applications received for the Council's 
studentships from biologists with good degrees but 
without the n training in the physical 
sciences to fit them for research in, for example, 
physiology or biochemistry, which suggests that the 
supply of this type of worker wishing to enter a 
research career may be adequate. There is no 
corresponding increase in applications from biologists 
with the necessary preliminary training in the 
physical sciences, or of physical scientists wishing 
to take up biology, and it would be a great mis- 
fortune if the Ministry of Labour pamphlet caused 
any student with these qualifications to turn away 
from a career in biology. 

W. K. SLatErR 
(Secretary) 
Agricultural Research Council, 
Cunard Building, 
15 Regent Street, 
London, 8.W.1. 
May 15. 
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FORTHCOMING EVENTS 


Monday, June 4 


COUNCIL FOR THE PRESERVATION OF RURAL ENGLAND (at the Reval 
Institute of British Architects, 66 Portland Place, London, W.1), at 
2.45 p.m.—Annual General Meeting. 

ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
5.W.7), at 8.15 p.m.—Dr. Carl Krebs: “Danish Explorations in 
Central Asia” (Dickson Asia Lecture). 


Monday, June 4—Friday, June 15 


JOINT “oo CONFERENCE (at the Institution of Civil 
anem.,, Great George Street, London, 8.W.1, the Institution of 
Mechanical Engineers, Storey’s Gate, St. James’ 's Park, London, 5.W.1, 
and the Institution of Electrical Engineers, Savoy’ Place, Victoria 
Embankment, London, W.C.2). 


No. 


Tuesday, June 5 


ROYAL ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, 
London, W.C.1), at 5.30 p.m.—M. Louis Dumont: “Problems of 
South Indian Sociology—Results of Field Investigations in the Tamil 
Country” 


Tuesday, June 5—Friday, June 8 


LIBRARY ASSOCIATION (in the Music Hall, George 
burgh).—Annual Conference. 


Wednesday, June 6 


CHEMICAL COUNCIL (at the Royal Institution, Albemarle Street, 
London, W.1), at 6 p.m.—Sir Cyril Hinshelwood, F.R.S.: “‘Chemistry 
and Modern Thought’’ (Chemistry in the Service of Man, 4). 


Thursday, June 7 


Royal Society (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Prof. R. A. Peters, F.B.5.: ‘‘Lethal Synthesis’’ (Croonian 
Lecture). 

CHEMICAL SociETY (at the Royal Institution, 21 Albemarle Street, 
London, W.1), at 7. 30 p.m.—-Dr. F. L. Rose: “‘A Chemothe rapeutic 
Search in Retrospect” (Tilden Lecture). 


Street, Edin- 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

DEMONSTRATOR AND FIELD ASSISTANT (with a science degree 
preferably honours, with special qualifications in botany) IN THE 
BOTANY DEPARTMENT, and a JUNIOR ASSISTANT LECTURER (with 
a degree in agriculture and practical experience of farm implements 
and machinery) IN AGRICULTURAL ENGINEERING AND SURVEYING— 
The Secretary, West of Scotland Agricultural College, 6 Blythswood 
Square, Glasgow, C.2 (June 8). 

AREA CHIEF SCIENTIST in the No. 4 (Aberdare) Area—The Divi- 
sional Establishment Officer, National Coal Board, South Western 
Division, Cambrian Buildings, Mount Stuart Square, Cardiff (June 9). 

ASSISTANT PHYSICIST to work mainly on problems connected with 
radiation therapy—The Seeretary, London Hospital, Whitechapel, 
London, E.1 (June 9). 

PHYSIOLOGIST or BIOCHEMIST (male, Scientific Officer grade) to 
work in a team engaged in a study of the mineral metabolism of fish 
and other marine animals, using radioactive tracers (Ref. G. 120/51A) 
and a BIOLOGIST (male, Scientific Officer or Senior Scientific Officer 
grade) to work in a team en on a study of the ecology. feeding 
and growth of fish (Ref. G. 121/51A), at the Ministry of Agriculture 
and Fisheries, Lowestoft—The Ministry of Labour and National 
Service, Technical and Scientifie Register (K), York House, Kingsway, 
London, W.C.2, quoting the appropriate Ref. No. (June 9). 

LECTURER (Grade II) In CIVIL ENGINEERING—The Secretary, The 
University, Birmingham (June 11). 

ASSISTANT IN RESEARCH IN ANIMAL PHYSIOLOGY, and an ASSISTANT 
IN RESEARCH IN SOIL MicROBIOLOGY—The Secretary, School of Agri- 
culture, Cambridge (June 15). 

UNIVERSITY DEMONSTRATOR IN AGRICULTURE—The 
School of Agriculture, Cambridge (June 15). 

ASSISTANT LECTURER IN GEOLOGY (with special 
palwontology and stratigraphy)—The Registrar, 
Strand, London, W.C.2 (June 16). 

LOCKE RESEARCH FELLOWSHIP for research in the general field 
of experimental physiology and pharmacology—The —_- 
prow Royal Society, Burlington House, Piccadilly, London, W.1 
(June 16) 

COLLEGE RESEARCH STUDENTSHIP IN THE DEPARTMEN? OF GEO- 
GRAPHY—The Registrar, University College, Hull (June 18). 

DIRECTOR OF THE POSTGRADUATE SCHOOL O¥ MiInING—The Regis- 
trar, The University, Sheffield (June 23). 

PRINCIPAL RESBARCH OFFICER, SOIL MICROBIOLOGY SECTION, 
Division of Soils, at the Waite Agricultural Research Institute, Adelaide 

~The Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, Africa House, Kingsway, London, W.C.2, quoting No. 3378 
(June 23). 

ENGINBER (Ref. TT/337) with 
utilization and water treatment with industrial plant, especially with 

neashire Boilers, reciprocating steam engines and turbines, a 
COMBUSTION ENGINEER (Ref. TT/338) with special experience in test- 
ing combustion equipment and boilers and yoy and 
JUNIOR ENGINEERS (Ref. TT/339) as assistants during testing of 
boilers and steam engines, in the Experimental Mobile "Heating 6 Unit 


Secretary, 


ualifications in 


<ing’s College, 


experience in fuel and steam 
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of the Mechanical and Electrical Engineering Branch of the Production 
De ment—The National Coal Establishments (Personnel), 
Ho House, Grosvenor Place, London, 5.W.1, quoting the appro- 
priate Ref. No. (June 25). 

BERRIDGE STUDENTSHIP for research in physio! 
public health—The Registrar, King’s College, Stran 
(June 30). 

LECTURER IN GEOLOGY at the University of Hong Kong—The 
Secretary, Association of Universities of the British Commonwealth, 

‘— Square, London, W.C.1 (June 30). 

DIRECTOR OF THE METEOROLOGICAL BRANCH, Department of the 
Interior, Melbourne—The Australian Chief Scientific Liaison Officer, 
Africa House, Kingsway, London, W.C.2 (July 7). 

ASSISTANT EXPERIMENTAL OFFICER (with a degree in engineering 
or physics, or equivalent) IN THE HORTICULTURAL DEPARTMENT— 
The ey National Institute of Agricultural Engineering, Wrest 
Park, Beds. 

pa LecTuRERS (2) for work in electrical measurements : 
(a) the development and operation of a comprehensive range of pre- 
cision electrical standards; (6) development of special methods of 
measurements and control, includi ectronics, in connexion with 
the general research programme of the Department of Electrical 
} rr i Secretary, Royal Technical College, George Street, 


C.1 

ay ‘TEACHER OF CHEMISTRY AND PHYSICS and related sub- 
jects to part-time day and evening students at the College of Com- 
— ony Technology—The Director of Education, Education Office, 
bs) eld 1. 

CIVIL ENGINEERS in the Sudan Irrigation Department—The Sudan 
Agent in London, Wellington House, Bucki m Gate, London, 
5.W.1, endorsed ‘Sudan Irrigation (Civil) 4/47.D’. 

EDUCATIONAL PSYCHOLOGIST—The Acting Chief Education Officer, 
Education Office, Warrior Square, Southend-on-Sea 

ENTOMOLOGIST at the R.H.S. Gardens, Wisley, Surrey (duties 
principally advisory and instructional, but may include research —_ 
on insect pests affecting horticultural plants)—The Secretary, Royal 
a Society, Vincent Square, London, 8.W.1, cademed 
‘Confidential’. 

JOHN WILLIAM LUCCOCK MEDICAL RESEARCH FELLOWSHIP—The 

— = King’s College, Newcastle-upon-Tyne. 
RER IN THE DEPARTMENT OF THEMATICS—The Secretary, 
Royal T Technical College, G 


as applied to 
, London, W.C.2 


PHYSICIST (with a first- or second-class honours d in physics, 
with some research experience, preferably ~ y= ) to carry out 
research work on physical (mainly rheological) pi jes of cheese 
and other dairy products—The Secretary National. nstitute for Re- 
search in Dairying, Shinfield, Reading, Berks 


SCIENTIFIC OFFICER (with a first- or second-class honours degree in 
zoology, and have completed or be exempted from National Service) 
—The retary, National Institute of Oceanography, 137 Queen 
Anne’s Mansions, London, 8.W.1. 

SENIOR PHYSICIST (with a good honours degree in physics, preferably 
& postgraduate research degree, and with experience in the initiation 
and direction of research projects) —T he Secre tary Research Associa- 
tion of British Rubber Manufacturers, 105-7 Lansdowne Road, 
Croydon, Surrey. 

SENIOR SCIENTIFIC OFFICERS and SCIENTIFIC OFFICERS ip various 
Government Departments and for a wide range of scientific research 
and development in most of the major fields of fundamental and 
applied science—The Civil Service Commission, Scientific Branch, 
Trinidad House, Old Burlingwon Street, London, W.1, quoting No. 3399. 

SURVEYORS in Tanganyika to carry out triangulation, topographical 
and cadastral surveying—The Director of Recruitment (Colorial 
Service), Sanctuary Buildings, Great Smith Street, London, 8.W.1, 
quoting 27076/* 21/51. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Metallurgical Abstracts (General and Non-Ferrous). Editor: 
Lieut.-Colonel 8. C. Guillan; Assistant Editor: Major W. G. Askew. 
Vol. 16, 1948-49. Pp. vili+1048. (London: Institute of Metals 
1949.) 608. on 

Journal of the Institute of Metals. Editor: Lieut.-Colonel 5S. C. 
Guillan; Assistant Editor: Major W. @. Askew. Vol. 75, 1948-49. 
Pp. lii+1230+138 plates. (London: Institute of Metals, 


1949.) 
[273 
Report for the 


608 
Department of Scientific and Industrial Research. 


Year 1949-50. (Cmd. 8169.) Pp. 214. (London: H.M. Stationery 
Office, 1951.) 48. 6d. net. [283 
Medical Council. Special) Report Series, No. 276: 


Occupational Factors in the Aetiology of Gastric and Duodenal 
Ulcers, with an Estimate = their Iucidence in the General Population. 
By Dr. Richard Doll, Avery Jones, with the assisiance of 
M. he a Pp. 96. (London : H.M. Stationery Office, ioe 
2s. 
British ‘Electrical and Allied Industries Research Association. 
Thirtieth Annual Report, October Ist, 1949, to September 30th, 1950. 
Pp. 159. (Leatherhead: British Electrical and Allied Industries 
Research Association, 1951.) (54 
Department of Scientific and Industrial Research : Forest Products 
Research. Bulletin No. 24: The a of Buildings and Timber 
against Termites. By W. D. MacG Pp. v+41+9 — 
: HLM. Stationery Office, 1950.) 1 Ie. 9d. net. 


(London 
University of Birmingham : Joint Standing Committee for Research. 
pout -first Annual a - (Session 1949-50). Pp. 92. (inne. 


The University, 1951.) 
netity and Guilds of AL -- Institute. Report of the Council for the 
Year 1949. Pp. 78. (London: Gresham College, 1950.) [54 
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Bulletin of the British Museum (Natural History). Entomology, 
Vol. 1, No. 5: On the Systematics and Origin of the Generic Group 
Oxyptilus Zeller (Lep. Alucitide). By Stani:law Adamezewski. Pp. 
301-388 +plates 9-20. 168. Entomology, Vol. 1, No. 6: Specide 
(Hymenoptera) récoltés en Algérie et au Maroc par M. Kenneth M. 
Guichard. Par Jacques de Beaumont, Pp. 389-425. 7s. 6d. (London : 
British Museum (Natural History), 1950-1951.) B44 

Five Years of Co-operative Rescarch, 1946-1950. Pp. 24. (London 
British Lron and Steel Research Association, 1951.) Free. [54 

National Museum of Wales. Forty-third Annual Report, 1949-5: . 
Pp. 56+3 plates. (Cardiff: National Museum of Wales, 1950.) [54 

Question. Edited by H. Westmann. (Published for the Present 
Question Conference, Ltd.) Vol. 3, No. 1: People at Work. By Dr. 
J. H. Oldham, H. Westmann, John Mack and Sir Wilfrid Garrett. 
Pp. 96. Vol. 3, No. 2: People at Work. By Prof. C. A. Mace, Prof. 
8S. F. Nadel and Sir George Schuster. Pp. 97-188. (London: Ham- 
mond, Hammond and Co., Ltd., 1950-1951.) 2s. 6d. each. [54 

Ministry of Fuel and Power: Safety in Mines Research Establish- 
ment. Research Report No. 16: Rat Extermination in Mines. by 
Cc. 8. W. Grice. Pp. 18. (Sheffield: Safety in Mines Research Estab- 
lishment, 1951.) oF 

Anglo-American Council on Productivity. Productivity Team 
Report : Rigid Boxes and Cartons. Pp. x+38+11 plates. (London : 
Anglo-American Council on Productivity, 1951.) 2s. 54 

Review of Coal Tar Technology, January-June 1950. Pp. 72. 
(Leeds : Coal Tar Research Association, Gomersal, 1951.) 5s. [54 

London County Council. Report of the County Medical Officer of 


Health and School Medical Officer for the Year 1949. Pp. 149+ 
4 plates. (London: Staples Press, Ltd., 1950.) 2s. 6d. [54 
8th April 1951: The Census Explained. Pp. 20. (London: H.M. 
M4 


Stationery Office, 1951.) 6d. net. 

Medical Research Couficil. Memorandum No. 25: The Social 
Consequences of Pneumoconiosis among Coalminers in South Wales. 
By Dr. P. Hugh-Jones and Dr. C. M. Fletcher. Pp. vili+54. (London : 
H.M. Stationery Office, 1951.) 1s. 9d. net. ‘ Sa 

British Standard 1365:1951, Short-Range Short-Term Thermo- 
meters. Pp. 13. 28. net. British Standard 1704: 1951, General 
Purpose Thermometers. Pp. 10. 2s. net. (London: British Standards 
Institution, 1951.) [54 

Department of Scientific and Industrial Research. Report of the 
Road Research Board with the Report of the Director of Road 
Research for the Year 1949. Fp. iv+108+8 plates. (London: H.M. 
Stationery Office, 1951.) 3a. . net. [54 

Ministry of Agriculture and Fisheries. Bulletin No. 146: Poultry 
Breeding ; Genetics and Systems of Breeding. By G. E. Mann. Pp. 
112. (London: H.M. Stationery Office, 1951.) 3s. net. [54 

British Standard 1684 : 1950, Forged Steel gy Fittings 
for the Petroleum Industry. Pp. 8. (London: British Standards 
Institution, 1950.) 3s. net. [54 

Vacuum: a Review of Developments in Vacuum Research and 
Engineering. (Quarterly.) Vol. 1, No. 1, January. Pp. 72. (London : 
W. Edwards and Co. (London), Ltd., 1951.) Annual a, 


25e. 
Library Association. Reader’s Guide, New Series No. 9: Chentical 
Technology. Pp. 40. (London: Library Association, 1950.) 4d. [54 


University of Leeds. Annual Report of the Librarian, Session 1949 


50. Pp. 12. (Leeds: The University, 1950.) [5 
Lundy Field Society. Fourth Annual Report, 1950. Pp. 54. (Exeter : 
L. A. Harvey, Hon. Secretary, University College, 1951.) 2s. 6d. [54 
Department of Scientific and Industrial Research. Sponsored 


Research (Germany). Report No.1. Pp. ii+16. Report No. 2. Pp. 
ii+14+12 plates. Report No. 3. Pp. 22. Report No. 4. Pp. 8. 
Report No. 5. Pp. ii+16. Report No. 6. Pp. ii+30+1 plate. Report 
No. 11. .11+55. Report No. 13. Pp. ii+7. (London: Department 
of Scientific and Industrial Research, n.d.) é [54 
Linnean Society of London in conjunction with the Systematics 
Association. Lectures on the Development of Taxonomy delivered in 
the Rooms of the Linnean Society during the Session 1948-49. : 
iv+84. 4s. net. Lectures on the Practice of Botanical and Zoological 
Classification delivered in the Rooms of the Linnean Society during 
the Session 1949-50. Pp. iii+64. 4s. net. (London: Linnean vanes 
54 


1950-1951.) 


Other Countries 


Institut Royal Météorologique de Belgique. Mémoires, Vol. 38 : 
Contribution & la résolution des équations du mouvement d’un fluide 
et des équations de la circulation atmosphérique générale. Par Edmond 
Lahaye. Pp. 79. Mémoires, Vol. 39: L’ Equation aux dérivées 
partielles de la pressior de perturbation associée aux ondulations de 
grande longueur d’onde du cour:.:.¢ géostrophique zonal. Par Jacques 
Van Mieghem. Pp. 47. Mémoires, Vol. 40: Ensoleillement et orient- 
ation en Belgique, 3, Etude de l’effet des conditions atmosphériques. 
Par M. Nicolet et R. Dogniaux. Pp. 57. Miscellanées, Fasc. 40: 
Esquisse d'une histoire de la météorologie en Belgique. Par L. Dufour. 
Pp. 55 +8 plates. Miscellanées, Fasc. 41 ; Comparison des températures 
minima sous abri et des températures minima au voisinage immédiat 
du sol en vue de la prévision des gelées au sol Seat ame la période de 
la récolte des betteraves sucriéres. Par A. Vandenplas. Pp. 26. 
(Uecele : Institut Royal Météorologique, 1950-1951.) _ [54 

Publications of the Dominion Astrophysical Observatory. Vol. 8 
No. 10: The Magnitude Differences between the Components of Eighty- 
two Spectroscopic Binaries. By R. M. Petrie. . 319-340. Vol. 8, 
No. 11: The Mass-Luminosity relation determined from Spectro- 
scopic Binaries. By R. M. Petrie. Pp. 341-356. (Ottawa: King’s 
Printer, 1950.) ; o4 

State of California Department of Natural Resources: Division of 
Fish and Game, Bureau of Marine Fisheries. Fish Bulletin No. 78: 
The Life History of the Starry Flounder, Platichthys stellatus (Pallas). 
By Harold George Oreutt. Pp. 64. (Terminal Island, Calif.: Depart- 
ment of Natural Resources, 1950.) - F [54 

World Health Organization. Technical Report Series, No. 18: 
Joint OFHP/WHO Study-Group on Cholera: Report on the Third 
Session. Pp. 22. (Geneva: World Health Organization ; London : 
H.M. Stationery Office, 1950.) 1s. 3d.; 15 cents. [54 
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West African Cacao Research Institute. Annual Report, Apri! | 4s 
to March 1949. Pp. 64. (Tafo: West African Cacao Research |) «tj. 
tute; London: Crown Agents for the Colonies, 1950.) 5s. M4 

Fouad I University. Bulletin of the Faculty of Science, No. 
Flora of Egypt. Vol. 2: Angiospermae, t Monocotyledo: «« 
Cyperacee—Juncacer. By Vivi fackholm and Mohammed Drar, Pp. 
xii+547. (Cairo: Fouad I University Press, 1950.) 4 

Centaurus: International Magazine of the History of Science and 
Medicine. (Quarterly.) Vol. 1, No.1. Pp. 96. Vol. 1, No.2. Pp. 97- 
192. (Cope en: Einar Munksgaard, 1950.) Annual subscription 
40 Danish crowns (49s.). jf 

Pasteur Institute of Southern India, Coonoor. Annual Report of 
the Director, together with the Forty-third Annual Report of the 
Central Committee of the Pasteur Institute Association, 1949-50. Py» 
66. (Coonoor: Pasteur Institute of Southern India, 1951.) 4 

Beach Erosion Board : a of Engineers. Technical Memorandum 
No. 21 : The Interpretation of Crossed Or nals in Wave Refract jon 
Phenomena. By Dr. Willard J. Pierson, Jr. . ¥+83. (Washington, 
D.C.: Government Printing Office, 1951.) 54 

Contributions from the Dominion Astrophysical Observatory. \o 
18: Radial-Velocity Curves for Delta Cephei from Lines of Different 
Chromospheric Levels. By T. 8S. Jacobsen. Pp. 8 No. 21 The 
Extent of the Chromosphere of the K-Type Component of Zeta Aurige 
By H. L. Welsh. Pp. 14. No. 22: Radial-Velocity Curves for ita 
Aquile from Lines of Different Chromospheric Levels. By T. 8 
Jacobsen. Pp. 8. (Ottawa: King’s Printer, 1950.) M44 

Union Géodésique et Gtonhoetqne Internationale: Association 
Internationale d’Hydrologie scientifique. Assemblée générale d’Os!o. 
19-28 Aodit 1948. Tome 1: verbaux des séances, Adresse 
présidentielle, Travaux des Commissions de Potamologie et de Lin. 


VOL. 167 


ologie. Pp. 399. Tome 2: Procés-verbaux des séances, Travaux de la 
Commission de la Niege et des Glaciers. . 407. Tome 3: Travaux 
de la Commission des Eaux souterraines. . 308. (Louvain: Union 


o4 
acuity of Agriculture, Hokkaido University. \ol 
7, : Studies on the ysiologic Specialization in Fusarinm 
lini Bolley. By Yoshihiko Tochinai and Goro Takee. Pp. 193-260 + 
2 plates. (Tokyo: Maruzen Co., Ltd., 1950.) 4 
Union of South Africa: Department of Commerce and Industrics 
Fisheries and Marine Biological Survey Division. Investigational 
Report No. 13: The Development of the Cape Stockfish (Merlucrive 
capensis). By J.P. Matthewsand B.v. D.de Jages. Pp. 10. (Pretoria 
Government Printer, 1950.) st 
_ Bollettino dell’[stituto di Alimentaziore e Dietologia. Vol. |, 
N. 1, Agosto. Pp. 56. Vol. 1, N. 2, Ottobre. Pp. 57-120. (Roma 
Editore ‘Il Pensiero Scientifico’, 1950.) 4 
Annual Report by the Director of Fisheries on the Fish Marketing 
Organization for the Year ended the 31st March 1950. Pp. 30. (Hong 
Kong: Fisheries Office, 1951.) 4 
World Health Organization. Monograph Series No. 1: Psychiatric 
Aspects of Juvenile Delinquency. By Dr. Lucian Bovet. Pp. % 
(Geneva: World Health Organization; London: H.M. Statior ery 
Office, 1951.) 1 dollar; 58. [54 
Canada: Department of Resources and Development : Development 
Services Branch. National Museum of Ca , Bulletin No. 119 
(Anthropological Series No. 30): Totem Poles. By Marius Barbeau. 
Pp. xii+434. (Ottawa: King’s Printer, 1950.) 2.50 dollars. M4 
Government of Hyderabad. Annual Administration Report of the 
Department of Mines and Geological Survey for the Year 1945- 
1949. Pp. v+60. (Hyderabad: Government Press, 1950.) 3.12 


rupees. | 
South African Council for Scientific and Industrial Research 
National Building Research Institute. How our Urban Natives Liv: 
By Betty Spence. . 16. Series DR-6: The Measurement of the 
Thermal Properties of Building Materials—The Therma! Conductivits 
of Thin 12” Square Samples. By Dr. A. J. A. Roux, 8. J. Richards 
and Dr. W. M. H. Rennhackkamp. Pp. 28. (Pretoria: Government 
inter, 1950.) M4 
_ Transactions of the American Philosophical Society. New Series, 
Vol. 40, Part 3: A Revision of Fossil Sequoia and Taxodium in Western 
North America based on the Recent Discovery of Metasequoia. by 
Prof. Ralph W. Chaney. Pp. 169-264 (12 plates). (Philadelphia : 
American Philosophical Society, 1951.) 1.50 dollars. 4 
News Report. (Bi-monthly.) Vol. 1, No. 1. January—February 
Pp. 20. (Washington, D.C.: National Academy of Sciences/Netional 
Research Council, 1951.) 2 dollars per year. 4 
Smithsonian Institution : United States Nationa! Museum. Report 
on the and Condition of the United States National Museum 
for the Year ended June 30, 1950. Pp. iii+141. (Washington, D.! 
Government Printing Office, 1951.) [4 
Astronomical Papers prepared for the Use of the American E.phem- 
eris and Nautical Almanac. Vol. 11, Part 3: Primary Reference Stars 
for Pluto ; Vol. 11, Part 4: Rectangular Coordinates of Ceres, Pallas, 
Juno, Vesta, 1920-1960. Pp. 501-588. (Washington, D.C.: Govern- 
ment Printing Office, 1950.) 75 cents. {94 
Report of the Secretary of the Smithsonian Institution and Financia! 
Report of the Executive Committee of the Board of Regents for the 
Year ended June 30, 1950. (Publication 4020.) Pp. ix+161. (Washing- 
ton, D.C.: Government Printing Office, 1950.) 50 centa. [94 
Trinidad and Tobago: Forest Department. Annual Administrative 
Report for the Year 1949. Pp. 26. (Port of Spain: Forest Depart- 
ment, 1950.) [94 
Colony of Mauritius. Annual Report of the Royal Alfred Observa- 
tory for the Year 1949. Pp. 14, (Port Louis: Government Printer, 
1950.) 25 cents. [4 
Publications de l'Institut National pour I’Etude agronomique du 
Congo Belge. Série Technique No. 38: Appropriation des bois 
congolais aux besoins de la métropole. Par J. Fouarge, E. Sacre et 
A. Mottet. Pp. 18. 20 francs. Bureau climatologique, Communiczaticn 
No. 1: Régimes normaux et cartes des précipitations dans I'Est du 
Congo Belge pour la période 1930 & 1946. Par F. Bultot. Pp. 51415 
plates. 300 francs. Bureau climatologique, Communication No. 2 
Carte des régions climatiques du Congo Belge établie d’aprés les 
critéres de Képpen. Par F. Bultot. Pp. 15+1 plate. (Bruxelles : 
Institut National pour Il’Etude agronomique du Congo Belge. 
1950.) [94 
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The 


REFLECTANCE 
SPECTROPHOTOMETER 


& GLOSSHEAD 


You are invited to appiy for full details of 
these low-priced, robust and simple devices. 


EVANS ELECTROSELENIUM LTD 


Sales Division 316 













These outstanding photoelectric devices have brought to the 
physicist a ready means of accurately and consistently oe 
standard colours and high gloss. The “‘EEL’’ REFLECTANC 
SPECTROPHOTOMETER will enable you to obtain a graph of the 
colour composition of paint, plastics, etc., in nine regions of the 
spectrum. Variations can be immediately detected and controlled. 
The GLOSSHEAD is an accessory for use with this instrument 
and will give an immediate reading of high gloss surfaces. Both 
these devices can be operated by untrained personnel. 





Harlow Essex 

















The Association of Agriculture 


Summer Programme of Courses 1951 


“MAN AND THE LAND” 
At the Art Gallery, Perth. 
July oth to 13th 
History, geography, biology, 
agriculture, horticulture and 

forestry. 


“MAN AND HIS FOOD” 
At Shuttleworth College, 
Biggleswade. 

July 24th to 27th 
Residential course. Sources 
and factors affecting food 

supply and nutrition. 


“BIOLOGY AND 
AGRICULTURE” 
At Harper Adams eo 
College, Salop. 

July 31st to August 3rd 
Residential course. Biology, 
nature study, animal and 
poultry husbandry. 


“BIOLOGY AND SOCIAL 
STUDIES” 
At Newton Rigg Farm School, 
Penrith. 

August 21st to 24th 
Residential course. History, 
geography, nature study and 
biology. 

“THE TEACHING AND 
CONTENT OF RURAL 
STUDIES” 

At Trinity College, Carmarthen, 
August 27th to 31st 
Residential course in co- 
operation with the Training 


| College. 


“RURAL SOCIOLOGY” 
At Westham House, Barford, 
Warwick. 
uly 7th to 21st and 

ember rst to 15th 


| Residential courses on life in 


rural England, past and 
present. Overseas visitors to 
the Festival will be welcomed. 


All the Courses will include visits to 
farms and other places of interest. 





from the Gen 


‘Puller details and application forms may be obtained 
eral Secretary, 


Association of Agriculture, 


238-40 Abbey House, 2 Victoria Street, London, S.W.1 
































PRECISION RESISTORS 
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VITAL CIRCUITS 











Write for Bulletin B-624 





MUIRHEAD & CO. LTD. 


BECKENHAM - KENT + ENGLAND 


Telephone: BECKENHAM 004! 
Telegrams & Cabies: MUIRHEADS ELMERS-END 


MUIRHEAD 


ce Crarcas cms Tauments 
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C. BAKER'S “PROJECTOLUX” | 
ENTIRELY NEW DESIGN BECK 
| For microscope illumination, micro-projection, LOW POWER BINOCULAR 


drawing and photo-micrography 


Orders for early delivery invited MICROSCOPES 


The many uses 
in industry and 
science for 
which this type 
of microscope 
is suited are 
fully explained 
in booklet, post 
free on applica- 
tion, 











C. BAKER « scion. LTD. 
| 244 HIGH HOLBORN, LONDON, W.C1 | 


Member cf the Scientific Instrument Manufacturcrs’ Assn. cf Gt. Britain 
































| TOWNSON & MERCER LIMITED ed 


have saved up their energies (and their money!) to make 


| a really extensive show of their latest Apparatus. 
They decided that for 1951 it should be— 
Physical Society Exhibition | 
B.1.F. 
B.1.1.E. 


They have 
STAND No. D 3 (Quietly dressed in grey, white and blue!!) 
at 


OLYMPIA — July 4th—I4th inclusive 

for 

THE BRITISH INSTRUMENT INDUSTRIES’ EXHIBITION 
If you care to write they will book you a free ticket! 
It should be well worth the visit. 




















BEDDINGTON LANE, CROYDON 


T'rinted in Great Britain by Fisner, Kwionur & Co., Lrp., The Gainsborough Press, St. Albans, and published by Macuittaw & Co., Limirep, 
at St. Martin’s Street, London, W.C.2, and Tuz Macmittan Co., 60 Fifth Avenue, New York 11, N.Y., U.S.A.—Saturday, June 2, 1951. 




















